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annual meeting of the Pacific Slope Brandi of the American 
\>somtioa of Economic Entomologists was held in the lilirary of the 
Sia Diego High School, San Diego, Cal., August 10 and 11, 1916. 

of (he isolation of the place there was not a largo attendance, 
dio meetings were interesting and profitable. 

11i(' business was interspersed with tlie papers, the ])rocec(lings 
uiTupying tlie afternoon of August 10 ami the forenoon of August 11. 

Hccaiise of the absence of Dr. E. D. Ball, (diainnan, the meetings 
wm culled to order at 2.30 o’clock p. m., August 10 by the secretary, 
\dio explained the formation of the Pacific Branch and the discontin- 
ikition of ttjo Pacific Slope Association of Economic Enloiiiologi.sts. 

^ !iuiiil)er of members of this latter organbaUion who pia^sented ap- 
icutioiis to join tlie branch were present and took part on the pro- 
:uu. 

Tise first matter placed before the convention was (he election of a 
uiriiian. Prof. H. J. Qua 3 'lo was elected and prositlcd over the 
miiigs. 

During l)oth se.ssions twenty-one members and visitors were present, 
llu' following memlters were in attendance; 

' L. t wf (,)]'< I, ('iiu'omont, Cal. L. P. Pockvvood, Torost Orovo, Oiv. 

-fi' lAi}:, Itwkeloy, Cal, H. S. Smith, Safraint'nto, Cal. 

tJAiu;iylo, Pivtasklo, Cal. K. G, Titus, Logan. I'tah. 

^ poll a imttiou of the liouse which was duly seconded and carried I he 
■'■-bnan ajipointed the following nomination committee: Iv (x. 
Lhairmau, H. S. Smith. 

I'cgular program of the day was then taken up. 

H. J. Quaylk: rile first paper on the program by W. 
''*■ ^iividsoji will be read by tlic secretary. 
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ECONOMIC SYRPHIDiE IN CALIFORNIA' 

hy ^V^ M. Davidson', Scientific Amstnnl, U. S. Bureau of KntoinoloLvx , j),,,,,,, . 

Fruit Insect Investigations 

The Syrphidiv have long been looked upon as an import niu };ui,iv 
in the control of plantdice and other homopterous insects, and altlunjir. 
there are a few species injurious to cultivated plants our present knowl- 
edge ])lainly indicates that the balance^ is very heavy on the beiiffii;-i 
side. 

California is rich in beneficial species, the niajority of which tH-luj!,: 
to the tribe Syrphini which is centered around the type genus Siirplui.. 
These species prey almost exclusively on plant-lice, the specie's finrii.- 
lemur Osten Sacken attacking mealy-bugs (PseudococcuK) and >’/;/„!- 
rophorin suiphuripes Thomson being predaceous on the Uean Ti'di)' 
[H eliothri p,s Ferg.) in southern California. 

Just as we have imported from Europe many injurious apiiidids. < , 
Aphis pomi OoCleer, on apple, pear, loquat; Hyaloplerus urniutui:; 
Fabr., on prune and plum; Aphis rurnicis L., on beau: dp/if.v 
caginis Koch on leguminous crops; Macrosipkum pisi Knli.. on pny. 
Aphis brnssica' L., on cruciferous crops; Chromaphis jiujldtuhru-. 
Kalt., on walnuts, so there have come to us some of their syipliii; 
enetnies. By far the most important of these is Catabomho piinish 
L. This species finds a home throughout California and in rrriain 
yeans becomes extremely abundant wherever severe aphidid iiitVsia- 
tioiis occur in orchard or field. Two .such years in central Calif^^nli.: 
wore 11)12 and 1914. The adult fly is easily recognizable by its lari'- 
size and l)y the three pairs of lunate whitish-yellow spots on tin- .‘it- 
dominal disc. A melanoid variety of the female {univolor) is spc'tii-" 
and this form is rare except in years when the species is (-spcciacv 
abundant. In 1914 the variety was very abundant while in bdo ana 
191 0 very few could be observed, The pale green, white-stri])cil iarva 
are vora(‘ious feeders. They may consume a thousand iihint-iicf 
average size in the course of their two or three weeks’ larva! cMstnin- 
They appear first early in March and thus have a start of tkc nid'* 
bird beetles and other predators which do not appear mucli 
April. About the first of March the adult flies begin oviposit in. si' a 
colonies of winter-feeding plant-lice such as ^facrosiphllnl ^ 
roses and Mncrosipkuni solanifolii Ashm. on wc(hIs such a^ fi-'"- 
[Erodium) and toward the end of the month eggs arc itlaccd anic>|- 
young colonics of orchard aphidids the stem-mothers of which Iwti 
from the winlcr eggs in February and early March. It is net conm- 

1 Published with the permission of the Chief of the Bureau of Kntoiiioioa:) . 
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loiiiKl ihis latter type of a|)hitiitls attacked before ther- km- | 
,, joo.! -iarf, a phenomenon which suKgests a t)alaiice of nature whic'l, 
,„ivc< til provide enough food for future generations of syrpliids |,v 
jaarding against the wholesale destruction of the young s(en,-nio()„Ts 
liihc a<l«ll flics that issue early in spring confined their allenii,,,, u, 
young stem-mothers of the orchard aphidids, tlic lailer would !«• 
,,j,lier wiped out or so restrielcd that tlicrc would not he food for tlie 
I'lKun* (!;('noratioiis of flies. 

•rhrou^houf summer and fail the larvae of Cniubomba pyrusiri ;i(i;]ck 
.,il Yiiiieties of injurious aphidids that they ean reaeli. ' The s])e(‘ii*!: 
tiuist be eredited with enormous destruction among pJant-]i(‘e. AJI 
tilings ('onsidered it is one of the nmst beneficial insects in (’alifonha. 
vidngwifh such vYell-known species as the Vedaiia (AW;i/.s ru/v/jbifd/xy 
iti('('balculme scale parasites, and Hippodamm 
Ill ('alifornia there are about 14 species of SijrphuK, 9 of which atv 
piiiicr (juitc uncommon or confined to mountain districts. However 
.viibfsh L,, S. tonus Osien Sackon, S. americanus Wied., A', opifiatar 
iVilkaud *S. urcuafus Fallen attack injurious plantdicc in apprccial)]c 
luiuihcrs. Very beneficiai arc the two most al>undant of iliem. N, 
d/iicraYoncs and 5. opinaior whose larvic arc genenil feeders- and ni;n- hr- 
ctkcn frequently among colonies on cultivated plants. Tfie larva- 
'if .S', nmwiiis occur in early spring on coniferous plants fr-eding upon 
lipliidirl.-i occurring thereon and later they attack in-incipally .such scjnj- 
proteeted species as Aphis malifoliw Fitch on apple. Like tornis and 
ro’ffrfl/ies is eominon to Europe and Xortli America. All the 
nif’iiihcr.s of the genus in (lalifoniia have yellow or reddish-yellow 
iriunversc iiands on the abdomen. In areuoivs tin- three principal 
'|Ainls are interrupted, while in the others abovr- mentioned only tlie 
first hand is interrupted. The larvm arr^ brown, yellow or jmrple and 
fije })nparia Inovvn. The larva’ are not so large or voracious as those 
"1 f piimstn. Closely allied to Sijrphus i.-^ a connnon s))eeies, 
rohicm Osten i5acken. This fly is marked like the members 
"ftlic genus Siirphna but is somewhat smaller, albeit large iwiimples 
^ tlic icinaie are almost indisliiigui.'^hable from the female of Aijiphus 
p[,(, injurious and other phmt- 


^ •' Senus SpkdTophoria is represented in Lalifornia by three spe-eies, 
J"" Will., Sp/i. sulphdn'pes Thomson and SpJt. ttiicrura 

aphidophagous in the 
dage. common flies, narrow-bodied and small, and 

'^xtra segments to tin- alMloineu. They are 
* ‘‘'niitli bright yellow cross-baiid.s. The iarviv and puparia aia- 

a,,.} 

iije ])upjY eomnionlv occur on the ))lnnt on which the larva.' 
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have been dwelling, in this respect differing from the species pl■( ^ luiisly 
discussed in which the larvs pupate in loose soil or rubbish at il,,. I,,,,,, 
of the plant. The larv® of Spheerophoria sulphuripes also pn y 
the' Bean Thrips (Russell, The Bean Thrips, U. S. D. A., R.il, us 

Alloyrnpta obliqm Say is a well known enemy m southern ( aliloraia 
of the citrus and truck crop plant-lice. Further north the fic les- 
common and it has been bred from the walnut aphis (f'ii/n,, 
iudandicola Kalt.). A. frada, a rarer species, is presumably aplmlo- 
phagous The adult flics are rather small. They have yellow .-rns.. 
bands and in addition longitudinal and oblique yellow markings on 
the fourth and fifth segments. 

In the allied genus Mesograpta there are two common ( aiifornia 
species U. gminaia Say and M. margimla Say. These are small 
species’ shining black with yellowish-red abdominal markings. Tlicir 
economic standing appears to he unknown while the caste, n .11. 
poUta Say is an injurious form, attacking corn plants and sometimes 

causing them to wither badly. . ■ i, *1 i i ■ 

Badha is a genus of slender elongate flies, m which the body is 
or less constricted basally. The larv* of B. lemur Osten backen have 
been bred from the citrus mealy-bug (Bscwlococcus ci ri Risso) t. Me - 
Bugs of Citrus Trees,” Univ. Cal.; Coll. Agric. Bui. 2o8^ t . ■ ( 

sen) and other mealy-bugs (Cal. State Comm. Hort. Mo. B„l.. r I. 
IV 4 E. 0. Essig) in southern California where the species ( ommo i. 
The I’arval habits of B. ohscuricornis Lcew (? B. elmgaUi) , imn< 

San Francisco Bay are, unknown. Elsewhere other species o i-i " 

tee Wr.(|»rlri 

XVTI, 31, C. L. Metcalf) as preying in the larval stage upon a)) 1 1 . ■ 

coccids, iMf-hoppers and white-flies. 

The two aphidophagous genera Pipiza and Parai/ws jC on , 
tribe CMlosim, a group in which the arv* chiefly mh, t - - ^ _ 

stalks of hollow plants. Ptpua ptdeemdes W 
Will, arc rather small, black, shining speues an ^ 
pile They are both common in California and then . ■ -■ 

Fitch on poplar. It is doubtful whetner these are 
importance but further study might alter this ; 

Jdeda Lcew and P. raeUcum Walsh & Rdey 

the woollv apple aphidid (Enosoma lamgerum Haus.) . ^ 

pir*. pS« He ,rep. ’Si;:: 

Pipizee larviB in California arc dark green or aii'i 

puparia brown. Both larv® and pupse are somewhat 
roughened than those of the Syrphini, 
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r„,„.m maMs Fallen and P. ohcvrn, Moigen, ^vlunl.er eon.idored 
tivu valid species or as two varieties of a siiiule snceie. 

Hies. I1ie adults arc small shining black or rcddish-lil.n'.k flie'’""Tr 
l,,rva' arc aphidophagous; that of tibialis, aeoordimr i,, M , n ,,i 

vvi., s.) i, lish, : 

«f II, esc species rather militates against their eeonoiiiic iinpoi-Mnec 
The laiTie feed on aphidids attacking such scmi-aqiiatie plam ' ,s dod-' 
Of all these species mentioned above the nio.st in.portan, economic: 
ally arc in order probably Catabomba pyrastn, Syrphas „pi„„u,r S' 
nmrkmM. ,S. arauatus, AUograpta ob!i<,u„. and Kvpmk^ rolaens 
•flic first named probably outweighs all the others together 
hi California syrphid larv* are frequentiv the Mc,in,s'„f Iclincii 
mould parasites belonging to the geuei'a Bassns. Syrplwch,,,,^ IIo,„ 
„ia,pHs and perhaps others. They are also parasiti/.d l,v Clclcids 
.Vt times large numbers of tlie adults are destroyed l,v rnngi. one siicli’ 
oiitiireak being noticeable in the spring of 1914, in cciilrari ■•difonii i 
Two injurious species of Syrphidw liave recentiv been found in’ 

( iilifornia and both are importatioms from Furopc The Narcissus 
hiill,-fiy (ilerodon e^uestris Fabr.) is apparently now establishcl' in 
fPiitrai California and Eumerus sirigatus Fallen, said lo be in.iiiiious 
to onion bulbs in Europe, has apparently become established' in the 
Mill Fraiieiseo Bay region. Both of these species have been taken on 
Ihc wing on .several occasions. Their larva- dwell inside Ihe l„ill,s 
and may cause their destruction. egtieshis is a 'arge hairy 

roliiisl fly somewhat resembling a buinbleliee while Evimtiis siriipdiis 
i; a siimll, black sliining, almost bare, specie.s. CopcAyh,,, nmsginnium 
cay and species of VoliiceUa in their larval slages inhaliil llie interior 
(J i.ictiis le.aves and stems and may cau.se in, jury to llie liost (Cf. 
^niiicipal (.'actus Insects of United States,” W. I). Hiiiiler, F. ('. 
"ratt, .1. D. ilitchell, U. S. D. A., Bid. 113, 19121. 


^ fi-Ciii-M.vv H. J. IJxjayle: I his paper is now open to discussion. 
■■'EdiKiAnv: The following communication from 11. E. Burke re- 
faroiiig iius paper has been received and is as follows: 

I would be glad to bo there at the discii,ssioii of .Mr, Davidson's 
PiflKi to (all attention to the damage done by the larva- of some forest 
lai'vio (bark maggots) of CheiUma 
"ooir'l cause serious defects (liliick checks) in the 

and 1 ^ white fir (Abies concolor), red fir ( Abies mngnificu) 

lb. heteraphylla) . In most discussions of the Syrphidie 

^ '"luiiotis habits are not given.” 

The next paper bv G. F. Moznette will 

the secretary. 
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THE FRUIT-TREE LEAF SYNETA, SPRAYING DATA AND 
BIOLOGICAL NOTES' 

By G. F. Mozxette 


])uriiiK the past spring the prune and cherry growers of the W ilhnn- 
(‘tte Valley in Oregon had considerable loss due to the ravages of ih,. 
Fruit-Tree T.eaf Syneta, Synein albida Lee. The species is a huihIh i 
of the family Chrysomelidd and is primarily a leaf feeder. Howf'vor. 
at the time this species is particularly almndant, the young devi'l()])i!isi 
fruit of the cherry and prune is severely attacked. Ihe injury which 
consists of a pitting to the fruit causes it to be scarred or bkaiiislu'd m, 
badly that it is rendered unmarketable^ and it may also riiH'ii jnc- 
maturely and fall (PI. 31, fig. 1). In many cases the stems are also I uhHv 
ni)d)led (PI. 32, fig. 2). In the case of the cherry and prune particularly, 
the beetl(‘s seem to prefer the tender fruit to the leaves and iiclah 
(PI. 33, fig. 3) ; these, however, are often eaten severely and caus(‘ cnn- 
sideralile alarm. Fortunately the species in punctuihig the pr'tals. :m 
injury which is often very conspicuous, does not injure the Iniit- 
forming parts of the flower (Pi. 33, figs. 3, 4). (kjnsiderable mjiny i^ 
also caused to the foliage of young trees, and often means th(‘ tk-iul 


of the grafts when the individuals are abundant. 

Investigation into the distribution of this species shows it m hi' 
confined to the Pacific ('oast. The sriecies is found from IVcstcn, 
British ('oluml)ia south to Alameda county on ^^aii Francisco Ihiv. 
Fpon examination of specimens in the writers collection in(li\idu.il 
arc recorded as collected from Contra Costa (dounty, Oakland and 
Nashmine in California by Dr. E. C. Van Dyke. Other specuneii^ wi-v. 
taken at Seattle, Port Angeles and Monroe in Washington, h i' 
fairly well distributed over the entire Willamette 4alle>. 
particularly in the northern part, ^^pecimens collected m 
Columbia were taken at Vernon. The species was not known - 
exist cast of the Cascade Mountains but recently a report was iioTk^- 
in which Mr. M. A. Yothers^ reports it as being a scHous 
at Walla Walla, Washington. He also reports it troni lii>:i 

W^ashington, near Seattle. -.mjjlJi' 

Upon e.xamination the species was found to he exceeding} y . 
in coloration, apparently according to its typographica | 

The male possesses subacute angulations at the sides 
without denticulatioiis. The cost* in this species aic 


1 Contribution from the Entomology Department of the , u I)Y M. b 

2 Bui. No. 124, Bud Weevils and Other Bud-eating Insects of \v asm ^ 
others, Pullman, Wash, 
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^„„i i,„v bf entirdy absent, 'riu; color is usuallv lavish , 
„„,a,v„us with the suture nearly blaek. The' posterior ,ib,:e ' 

.1, u-ith tcrm.nal .^urs. The female i.s usually a yellorvish-wi; 

PSK in no Of thnn +hri " 


Mill])!'' 


^„„| vane.s less in color than the male. The forms reeonle.l fr,,,,, x.,s , 
HI Trinity ( ounty, California, at an elevation of b |l()o |,.,if ' 
„„..l, h.i-fter than are any of the individuals collected a( other poiiit ■ 
Calilornia and at points to the north. The species Inis not been 
.„u,id south of f^an Francisco Ray, occasionally one niav be foiiinl in i he 
!„lb near Oakland, California. In that region it is often confused with 
s variety of an allied species, Syndu ninipln Lee., winch is usuallv the 
;„„si destructive to fruits in sections of California.' and ocni’rs i,, 
vicaii-r abundance than does Synetn nlbulu Lee. .'^peciinens reconled 
iumi Port Angeles, Washington, are very dark in ap))e;, ranee, the dark 
..leini apiiroaehing a black. A specimen taken al Vaipiiini Bay in 
iircKoii IS a ileep red in color. The striations on the elytra of'both 
-cxe,-, which is a cliaracteri.stie distingiiisliing it from 'the evisiine 
.|,ccic.s. lary greatly according to the locality in which Ihev are foiniir 
V more detailed account of the variations of this siiecies is'inteiided to 
S' iiieoriiorated in a later paper on the remsioii of the genus Ni/, 

I he original host of this species is not known to the writer. In many 
:ii-nniees the beetles were found working on vine maple and hazelnnl 
necs which may po.s.sibly lie their native ho.sts. .iniong the fruit 
nccs which are attacked may be listed the apiile. cherry, prime, pear. 
'I'liiicc, plum and wild erabapplc. Occasionally the small Iniits, as 
'■'JIT.-IIJT and ^oosidjoi-ry, are attacked. 


i)iu‘ III tiu! fact tliat considorahk' alarm cxi.^ted aiiioii';- thi' orchard- 
ot ihc illaiiicttc \ allcv, a scries ot spraying ('xpcrinicnts \vci‘{' 
'■oiKliicicd in a preliminary manner to test the efficiency of a few sprays 
killnifi' agimts or as rep(dlcnts. At the time when this insect is (loinj>: 
df'structivo work the precipitation in western Oiv^on is v(>ry lieavy. 

I kis is diirinir April and Afay. Hence it is absolutely essential that the 
'my materials poss<.vss adhesive and colloidal pi'operties. This year 
‘ were particularly numerous from the last of Aiiril until the 

ot Aiay. 

^ In die experiments (>ondueted thi' sprays were applied after tin* 
had already done some damajie, but as the lieetlos are capahh' 

* ’^ing troin a month to six weeks fairly jrood data (‘ould he obtained 
■nm the act ion ol the sprays used under our eliniatic eoiiditions. The 
eiuiijr applieatious were applied to Italian prunes on tlu' ])laee of 
■ fh ( oiistable at Salem, Orej^on, in May, a short while after the 
haii fallen or just after the shucks had fallen: Idai-k Leaf 40 

jind Beneficial Insects of California, E. 0, Essig. Cal. Stale Com. of 
Sacramento, Cal, 
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at the rate of 1-400 plus lirne-sulphur 1-35, fifty trees sprayed: whitn 
hellebore 2 lbs. to 50 gallons of lime-sulphur 1-35, fifty trees S])r;,v(.,i. 
tri plumbic arsenate of lead, 3 lbs. to 50 gallons of lime-sulphin- ] - 3 :, 
sprayed 100 trees. The rest of the orchard was sprayed with 
neutral lead arsenate 2 lbs. to 50 gallons of lime-sulphur 1-35. A it\v 
cherry trees were also sprayed with this material to test for bm-tiii,,, 
properties as well. 

The results of these preliminary experiments showed that du(' to our 
excessive rains at intervals the Black Leaf 40 and white hellebore, n lieu 
used with lime-sulphur, cannot be relied upon as they are sii])j(‘(t tf) 
being washed away. A short while after the trees wore sprayed tlie 
foliage upon examination was very badly eaten into and many of iIk- 
small fruits pitted. In check experiments carried on at (’oivullis 
where the beetles were confined in cheesecloth bags over apph^ trees, 
it was found that the beetles did not seem to mind the Black Leaf 1 () 
and white hellebore when used alone and ate very voraciously of tlii' 
foliage. At 8 alem, Oregon, it was observed that the regular arsc^naU’. 
of lead when applied in greater strengths than 2 lbs. to 50 gallons nf 
lime-sulphur 1-35 cannot be used with safety on the tender cherry 
foliage. The triplumbic arsenate of lead gave very good results and 
may be used in greater strengths than the regular neutral arsenate nf 
lead on cherry and prune foliage. The Italian prune trees wluac the 
arsenate of lead was used were less riddled, the prunes were cleaner from 
pitting and occasionally one or two beetles couhl be shaken from tlit* 
trees. The arsenate of load, both triplumbic and the regular neuiral. 
showed very good adhesive properties when used with liiiie-sulpliitr 
and the foliage wa.s well coated twm weeks after the applications in 
spite of our excessive hard spring rains. It is possible that the tri- 
pluiiibic arsenate of lead may be used at greater strengths than 
used with good results on the foliage of cherry and prune. 

In this state where the brown rot of stone fruit.‘=i, Sderotino fi'iiciuH /i". 
is prevalent and spraying operations must be conducted against n 
in the case of cherries and Italian prunes and plums, coinlanation 
spraying should be practiced more extensively, in those sections where 
the two evils exist. 

In the case of prunes, plums and cherries which arc s])rayoiI tev 
brown rot just after the blossoms open with Bordeaux Alixture H-n'' 
or lime-sulphur 1-35, arsenate of lead should be added 3 Ib^- t*' 
gallons of the spray, and preferably the triplumbic arsenate oi lead as 
the foliage of cherry particularly is very susceptible to arsenic injup- 
In the spray against brown rot and Coccomyes (Cylindrospniuini . 
the leaf spot or shot hole to be applied 10 days or two weeks altei t a 
shucks fall, add arsenate of lead 3 lbs. to 50 gallons of the sjna} - 
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jhi. rime Bordeaux is used at the rate of l-l-oO; and lime-sulplun- at 
(he iriie of 1-50. In the case of the apple and pear, nrsciiaie of load 
jjjjjy i'e added at the rale of 3 lbs. to 50 Ralloim of liiiie-suljrhur in the 
'•pink ' foi' apple scab, Vmturia pomi. The arsenate of haul im-or- 
porated against the codling moth will bo sufficient in suhseriueiii 
for the apple and pear. 

Explanation of Plates 32, 33 

l_ ('heiTies pitted and defonncd hy albida L(‘c. 

Young cherries pitted and .stems gnawed, mlults. 

3. A).'ple sliowing the characteristic work of the adults on foliage. 

1. hijured and uninjured apple blossoms, 


('u.viKMAX H. J. Quayle: The next paper will be l>y I'k 0. Essigon 
the clirysantheinum gall-fly. 

THE CHRYSANTHEMUM GALL-FLY, DIARTHRONOMYIA 
HYPOG^A (F. LOW) 

Ijadoinyia hypogm F. Low, Verb. Zobl.-Bot. Ges. Wien. XXXV, 
p. 488, 1885. (Figures 1-7) 

B\' E. 0. E.S.SIU, Agncnltura! Experiiiwnf Sfalion, Berhcley, ('aliforitia 

Though tire ehrysanthoituiin gall-fly has l)een known as a [rest in 
hinope for many years it was not recorded a.s occurring in the ITiited 
>t;itcs iiiitil April 1915 when Dr. E. P. Felt received .‘specimens frmn 
Prof, R. H. Pettit of Michigan.^ In September of (he same year Mr. 
E. C. llanium, a student at the Lniver.sity of C'aliforuia. called atten- 
lioii to tlie work of a gall-lly on ehrj'sanfbemiims growing in a grt'cn- 
liuiisc on the earapus, From the infesttal plants (lie writer laaired a 
uii'ge mimbor of adults, some of which tvere forwarded to Dr, Felt who 
kindly determined them a,s the above and gave the published records 
of it' previous occurrence in this country. Since that time the writer 
inis made a general survey of the central part of the state and lias 
(ouiid that the insect is quite abundant and destructive in the ri-gion of 
Xiii Francisco Bay. 

Desckiptiox 

_ TinAarva- or maggots (Fig. 32 B) arc very small, averaging only al)OUt 1.5 mm. m 
ai.,1 o.s mm. in diameter wlnm full-grown. Tlw shape is soiiiewhai (wlin- 
■'’‘Ml W'ltii the anterior end more or less pointed and the posterior end liioadl^ 
•''(mdoft. transparentwvhitc to pale yellow or orange. 

■hi. Kcox Ent. VIII, |). 207, April 1015, 




icalls aa they appear above the surfurc of the plaiil ; B, i;. 

larged anterior projections of sa:nc: E, adult female; , ov ^ 

scaL fro.n lej-s; H, I, J, seetione of the aatenna; A, wmR to'.nft "b 
tioiis; L, genitalia of iTiiUo; d/, palpus. Enlarged, (.rigma,- 


The chrysatitheimim gall-fly, IHarthronornym hypm'^' • J'' 


II i'!l- 


markings on the anterior region. There are two pairs of ’‘’jl’ontl' Tl“ 

jections at the head, the first pair being noticeably larger 

color of these projections is somewhat darker than the surroundi g 
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. .iults or fiiM (Fig. 32 E) are e«W(iiiigly .lelieate ,vi,l, I,,,. . 

I.-us, The head, antenna, thorax- and the l,a,„. „f ''I 

,ia lege light-amber with light -colored f.-.nora; ..'..‘''f' 

I: an<l tin- eyes very dark-red. The wing.s an- traasparea, o,- i-uT Iv i 
^^,,,1 I with many aeale-like hai,-s. The legs ar<. also IhieUv I,-,.,' t"i ' 
scales which are noticeably wider at the tip or s„n,e«-|,,',i s|,.,|„h,te "i - 
hi, .itXi ; The palpi (Fig. 32 .\1) are two-joinleil iin.l the anteiiiia- I'bi.. -j-T "i 
,,, ||■,.|„i„tetl and normally hairy. The body is sleiiiler and :n-erae,.-''l',-’ 

LiFE-Hi:>5T()RV 


riH‘ hiibits of the insect have })een under o}>seiAatifm for <>nlv u-irt 
a ye;n-. but long enough to gam a fair idea of tla* mail, points in I'he 
lile-history. During the summer months of August, Seiiieinber and 
Ortdber the maximum dcvelopnumt is reached ami theiv are great 
iiU!iihei> ol all stages after which there is a gradinil ri'duetion until 
•die following spring and summer. The adults of the summer brood 
dive ris(‘ to a very large numl.er of maggots which liibernali' in the 
£ilh on the leaves and stems of the plants. Tliese reach maturity in 
iiii‘>[)ring and give rise to the summer Imood so that tluae a])})(ai’r to 
iv hut the two broods during a year. There is sonu^ overhipping of 
file Iwoods since adults may issue as late as January and a f(‘w pupie 
iiihernati'. Thv writer has been informed by florists, who havi' bi'en 
liOjiKunh'd with the habits of the insect for years, that the adults 
>warni in the greenhouses as early as five o’clock in the morning during 
the siitmner and that during lh(‘ day they are not to be found. The 
atriner observation has not been substantiated, Imt the latter was 
arctully studied and it was found that though llu* adults could Ix- 
f'tund at all times during the day they were usually resting on th(‘ 
i’laiits and seldom ever on the wing, though t hey w(t(‘ seen to fly freidy 
times hut only when disturbed. 


Xaiure of Work 

A> the common name implies, this insect produces galls which art' 
(‘liaraeleristie and may be found on the halves, leaf-p('lioli*s. 
■h-msand buds of the food plants. J'he galls ( Fig. 32 A. and [ils. 34, 3'). 
an' decidedly cone-shaped and the main axis may Ix' at riglit- 


:>iiglcs 


at an acute angle to the main axis of the leaves, stems and 


^erv often they may he almost wholly enclosed within fiu' 
^ M) that only the tips are exposed. The greatest numlx'rs are 
found on the tender shoots on both sides of tin' leaves, on the 
tips and on the buds. Infested shoots are often dis- 
Thr^' recognition (p], 35, figure 5) and are eventually killed, 

is somewhat lighter than the surrounding tissues. l)u( 
heemne bright rod or brown. The size of the fully-ih'vi'loped 
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galls is quite uniform averaging about 3 mm. in length and 1 mm 
diameter at the base. They are most abundant during the fall -m,! 
winter months. In many of the chrysanthemum growing (listimm 
in the San Francisco Bay Kegion as much as one third of the { iMjj [< 
annually lost unless preventive or control measures arc adopted. Tuo 
florists at Alameda who at one time grew large numbers of cut llinv( 
claim that the fly forced them out of business. Plants grown in ^ncu. 
houses are injured most, Init the attacks are also very severe in l-itii 
houses. Plants growing out-of-doors in the average house gardi'ii do 
not appear to become infested, at least a careful inspection has so far 
failed to discover such, and infested plants taken from a greenhouse or 
a lath house rapidly recover when placed outside where then' is no 
protection from the elements. Last August the writer secured tw('ntv. 
one infested plants from a greenhouse and set them in his garden. On 
all of the new growth which has appeared to date (February 24) then* 
is not a single gall to be found, while checks left in the greenhouse and 
removed to a lath house are either still badly infested or are entirely 
ruined. It is perfectly possible however to conceive of a condition 
outside in a particularly protected and warm place where the insect 
may continue to breed. 

Distribution 

As previously stated the chrysanthemum gall-fly was first taken hy 
the writer in California at Berkeley, though investigations show that 
it has been known to florists for over fifteen years in other places aroiiiut 
San Francisco Bay. The writer has taken it in Alameda, Sail Fniii- 
cisco and San Mateo C ounties. It probably occurs in th(' other 
counties which have not lieen visited. A single infested shoot of a 
chrysanthemum was received last fall from Mr. Arthur 1C IFht', 
Coiiuiy Horticultural Commissioner, from Merced and it is not unlikely 
that the insect is distributed throughout the state where ehrysan- 
themums are grown commercially. 


Food Plants 

The favorite food plant of this insect is the cultivated chrysaie 
themum, some strains of which are more susceptilfle to attack than 
others, but all appear to suffer to some extent at least. The oNi-ep' 
daisy {Chrysanthemum leucanihemum) is listed as a host in Kurope. 


Control 


The practice of growing the bulk of the chrysanthemum crop undet 
cloth has been one of the chief means of preventing the attacks of fL 


1 Kertes:!, C., Catalogue Diptcroram, II, p. 69, 1902. 
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ehrysliiitheinum gall-fly and is by far the most effieioiK and s,ti r 
way of handling the situation. The young clean selecte.l nhill ■ 
arc propagated from the beginning in these insect-proof doth hou 
and every precaution is taken to keep them dean and tight " 

In greenhouses the difficulties are veiy great. Kliminaiimr -dl 
infestt'd plants and using only dean cuttings have given fairh' 
results, but means a continual fight from the verv beginning to'^pm 



.33, Some detail anatoinical characters of Amhlyinn'u.::^ sp., a parasite of the 
'’hi .\ sail t ho; t turn gall-fly. d, wings; B, antenna; C, middle tarsu-; L), tihial spur 
"1' }>ont leg; E, tibial spur on hind leg; F, inaiulible. Greatly enlarged. (Original;. 


rdnfestation. Some florists take only underground cuttings from 
’fik'stcd plants and get satisfactory results when all of the old plants 
'‘J’c destroyed before the flies begin to emerge in the spring. 
bi laili houses there is eontinual danger of infestation winch can 
‘jirdly Ik* avoided. One practice which works very widl where tlie 
plants are allowed to come up again during the winter and spring 
young shoots in November or December and again in 
^ or March and burn the trimmings. In this way most of th(' 
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hibernating larva^ are destroyed and much of the crop may inanuci,, 
good condition. 

Nicotine sulphate or “Black Leaf 40” used in the proportioio oi i 
to 1600 of water will give temporary relief if applied onci‘ or Twice, 
but to get good results it must be used every two or three w(‘ek> fni]ii 
June until just ])efore blossoming time 




Fig. 34. TeUatitkhu.^ !<p,, a [jaradlo of the chrysantlicmuin gtill-lly. 
drawings: d, wings; B, last Hve joints of the antenna; C, middle tar.sus; />, tibiiil 
spur of front leg; E, tibial .spur of the hind leg; F, mandible, (ireatly vnhm“ ■ 
(Original). 

Parasites 

During the summer a large number of parasites were reured 
infested plants and one species in particular did excellent work in 1 ^ 
University greenhouse. The material was sent away for detcinn 
nation and a few observations made as follows: 

Amhlymenis sp. This hymenoptcrous parasite has bei'ii 
by Mr. A. A. Girault, through the kindness of Dr. L. 0. 



ESSICI: CHUYRAXTHKMCM (iAI.I.-Mux.K 

, ao..'iiption is to appear elsewhere. Tlie adults ai-e black witi, n 
on the legs. The females vary from 1 min to 1 ■> 
loiigth and the males are somewhat smaller. Some of the 'let ' 
flpn-e :!;.l will aid in distinguishing it. The larvie live within th, .e,t|" 
alorigsith’ the maggots of the gall-fly which tlnw gradually eon.m, " 
They remain within the galls until mature when they emerge tluou'di 
mmll eireular holes. This species is the most .abundant during th ■ 
niiiuuer months and all of the adults were reared during Atigu^t' 
Soptonibor and October. In not a few cases as high as SO per ('I'lu 
to 90 per cent of the maggots were destroyed. ^ ' " " 

Telmsiichus sp. (Fig. 34). The generic detenuination of this insed 
,eis made by Mr. Harry S. Smith, Superintendent of the State Insc,.- 
laiy, Sacramento, California. It i.s also a small black para.dte somc- 
wlwt larger than the former and easily distinguished from it l>\- the 
four-jointed tarsi and other charactei's .shown in the accomuanvim. 
drawings. 

BlBLIOrrK.\PHY^ 


ri,uiii.s, I.). Ann, Soe. Ent. Fr,, 10, 177, 1870 

\dV liKiuiENiSTAMM, J. E. & Low, P. 8yn, C('oidoinyi(l:u'iirn. no olO, p. ]s7(i 
[no name) . 

Liiw.I-HAXZ. Verh. Zool.-Bot, Ges, Wien, 80, ]). 488, 1885. CcrHlomyia. 
lIcBSAAMEN, E, H. BeiO. Ent. Zeitssehr., 37, p. 375, im‘2, Rhopahmyia 
Kim-EH,,!..!., Bill. vSoe. Ent. France, p, 201, 1897, Rhopalomifin. 

Kikffeh, J. J. Bill. 8oe. Hist, Xat, Metz (2), t, S, p. 21, 1898, Rhopalomyia. 
O.iLDR.vn, .1, Xuovo Giorn, hot. Ital ^'ironze. 32, no. SO, p. 40, pi. 3, 1900 
Kkutesz, C. Catalogns Dipterorum, 2, p. 69, 1902, Rhopalomyia. 

G.mee, K. Alen^on Bui. Soc, hortic., separate, no, 131, j). 38. 1902. 

lIor.iRi), C. Les Zoomidie.s dos Plantes d'Enrop., etc., 2, p 988: 3, p, 1483, 1909 

Rhopahmyia. 

K' htf.k. I'.RxsT, Die Gullen der POanzon, pp. 77,274, 1911. Rhopalomyia. 

Imeffeu, j. j. Gen, Ins. fa.sciele, 152, p. 46. 1913, Mi-^ospnlha. 

• kix K. P, American Florist, 44. p. 612, .\pr. 10, 1915. 

D:i,t, F. P. ,Jr, p:^.. Ent., 8, p. 267, Apr. 1915, Rhopalomyia. 
elt, F. P, Tree Talk, 2, no. 4, p. 27, May 1915, 

I B :^ist Kept. State Ent. X. Y., pp. 12. 51-55, 90, pi 13, June 1, 1910 


Nnce preparing this article some months ago the writer lias received a copy of the 
Report of the State Entomologist of the State of Xew York, Juno 1. 1916, from 
<lt and fFjit the subject matter is much more thoroughly handled and that 
11- papi't wfjuld not be worth printing ere it not for thi' local iiitiTost to C'alifornia. 
dIjo\e bibliography is taken entirely from Dr. Felt s paper Avith a rearrange- 
aiul a fow minor changes. 

^ Riven in Dr. Felt’s paper are Oregon, and Ottawa, Canada, and the 
Fiiropean host jilants: Chrysaaihemutn cnnjmbasum, C. airalum. ('.japoh- 
The varieties of C, juponiaim are very generally infested in 

||^**^^**^‘*^ description of the various stages is very complete in the above men- 
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Explanation of Plates 34, 35 

Fir. 2. Chiysanthemum leaf showing newly formed galls of the ehrysa]irijr.;,^j„^ 
gall-fly on the under surface. Enlarged. (Original. Photo by Dept. Sci. lllu-i i;,c 

Fig. 3. Stem of chrysanthemum showing the galls made by the chrysasnluTmiui 
gall-fly. The round holes were made by parasites. Enlarged. (Original. Phoi,, 
by Dept. Sci. lllust., U. C.). 

Fig. 4. Tip of young chrysanthemum plant showing fully- developed gaih ni 
chrysanthemuin gall-fly. dhe galls were dark red and mostly on. the uppi'L’ vijv. 
faces of the leaves. (Original. Photo by Dept. Sci. lllust., U. C.). 

Fig, 5. Young shoot of chrysanthemum plant showing the deformity du.- 1 ,, tl„. 
galls made by the chrysanthemum gall-fly. This i.s a fair example of tin* wink in 
greenhouses and lath houses ^vhen control measures are not employed. Enlai'sich 
(Original. Photo hy Dept. Sci. lllust., U. C.). 

Chairman H. J. Quale: The next paper by Mr. E. Ralph dt' Ong 
on the Municipal Control of the Argentine Ant Avill be read ])y the 
secretary. 


MUNICIPAL CONTROL OF THE ARGENTINE ANT 

By E. Ralph de 0.\g, Inslrudor in Entomology, Univerdty of Coliformn 

The Argentine Ant was first recognized in California about I'JOS: 
at only eight points in the state but has since spread to most of ilic 
larger cities on the coast. The list of known infested towns in lUlii 
being as follows; San Diego, Corona, Riverside, Upland, Claremont, 
Azusa, Alonrovia, Los Angeles, Montecito, Santa Barbara, Sanui 
Maria', Salinas, San Jose, Cupertino, Saratoga, Redwood City, San 
Mateo, Burlingame, San Francisco, Alameda, Berkeley, Oakland. 
Piedmont, Stege, Martinez, Byron Hot Springs, Stockton. Sacra- 
mento, and St. Helena. In many of these towns the infested area 
comparatively small but steadily increasing while in others, for instanco 
Alameda, practically the entire town is infested. 

Here is an example of a most annoying house pest spieading' u\ d 
few years’ time in scattering colonics over a strip of territoiy. A' 
miles long, without any systematic effort being made to (‘beck lE 
invasion. Carried from city to city by commerce they gam a loot- 
hold and slowly but surely spread out on every side in spite o t it 
thousands of dollars spent by the householders and the hosU ol ui 
remedies for sale; even a list of which is too cumbersome for . 

Thirty-nine arsenical ant remedies have been recorded 
alone, the percentage of metallic arsenic ranging from U 
to .2 per cent. The great majority of these are strong percci't-tr '^^^^^ 
arsenic which are not effective in control work on this aid 
unsafe to have on the premises, especially where there aic 1 1 
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In the fall of 1908 the University established a laboratory in l-'-ist 
Oakland for the study of this pest, part of tlie results of which wore 
publidied in October 1910, including the formula for a weak arsenical 
soluticii that has proven so effective as a control measure. To 
H. Day, an assistant in the laboratoi-y, is due the first proof of the 
irreator efficiency of this strength of poison. 

° About this time the City of Berkeley appropriated five liimdred 
(S 500 . 00 ) dollars for a campaign against the post; this work was carried 
on by L. J. Nickels^ under the plan outlined by Professor Woodworth. 
At this time there were but two small colonies in Berkeley, one cover- 
ing about two blocks, the other parts of four blocks. Considering the 
seriousJicss of the pest and the smallness of the infestation, it was con- 
sidered advisable to attempt eradicating the ants. A careful survey 
was made and every effort used to secure the cooperation of all resi- 
dents in the affected areas, to the end that all supplies of food except 
tlic poi,soned bait might be shut off from the ants as far as possible 
ant syrup in small perforated containers was placed in every lot. To 
supplement the poisoned bait a solution of cyanide (2 oz. sodium 
evanidc to 1 gallon of water) was used on the nests wherever found, 
the (Ml tire expense of labor and material being borne by the city. The 
manufacture and distribution of the ant syrup was done entirely by Mr. 
Xiokels or an assistant. This plan was tried for several months and 
although the ants were not exterminated they were controlled, and 
to the extent that invasions of houses in the infested areas iininediately 
ceased or Avere rare and of short duration and after a time were un- 
known; even at a time of the year Avhen they are most annoying and 
though the ants were present in the yard. Control, that is freedom 
from ants as a house pest, was attained although the desired result, 
eradication, was not achieved. This immunity ivas attained by thus 
reducing their numbers. When the ants can be controlled so that 
they are not a serious pest and the territory is not increasing the work 
justifies the effort. 

Because some of the Berkeley colonies crossed the line into Oakland 
it was very evident that eradication would be impossible without joint 
action with that city, therefore a successful effort was made to extend 
the work to the Northern section of Oakland. 

It was soon seen, however, that eradication Avas going to be an im- 
Pesdbility, at least with the funds that could be made available, and the 
^hole attempt was dropped. 

1915 the City of Piedmont took official recognition of this pest 

asked the University for assistance in carrying on control Avork. 

only four or five blocks of the town were knoAvn to be 

Ext. IV, 4, Aug. 1911. 
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infested and a somewhat similar campaign to the one in Berkcli'y and 
Oakland was carried on by the^ author. This effort differed from 
those previously undertaken in that no attempt was made to eradi- 
cate but from the first the idea was control. As a control measure 
the previous campaigns had been completely successful. 

The method consisted in the use of paraffined paper bags, perforated 
at the bottom to allow free access of the ants. In this bag was placed 
a sponge saturated with the ant syrup. The formula for this syrup 
is as follows: 

U oz. sodium arsenite; 

16 lbs. sugar; 

Water to make three gallons of syrup. 


A supply of the prepared bags was placed in convenient i>laces in 
the infeste<l yards and the sponges refilled as often as necessary. 
In some cases cyanide solution was used on the nests. PrejMratioii 
and distribution of the material was done by one man working pan 
time in the employ of the city. He also answered all calls for assi.sf- 
ance to any part of the city and whenever an infestation of Argeiiliiie 
ants was found, work was begun in that vicinity. 

Piedmont was peculiarly subject to new infestations since the greater 
part of their potted plants, nursery stock, manure, and building 
materials are brought from the adjoining city of Oakland, whicli even 
at this time contained large areas of ant infested territory and had 
ceased doing anything to control them. In this way new infestations 
are constantly begun in Piedmont but by prompt control measiues 
the spread of the ant was restricted and also the annoyance o loii e 
holders was almost completely eliminated. City control was continue 
for about three years; the first year the total cost was tliree huu M 
(S300.00) dollars, the second year, on account of ««vcia | 
tions, the expense was slightly more but less than four hundreiUs.OO. 
dollars and this for a total area of sixteen blocks s^t.eied ii 
part of the city, besides inspection of the entire city, n 
year small tin cans were substituted for the paper lag^ ^ 
the amount of refilling necessary as larger amounts o ^ tliero^i 
left in the containers so that in spite of an increased ‘ / 
remained about the same. The work was dropped at t s 
lack of funds. 

^Instead of buying prepared sodium arsenite (which is quite varial.ilt 

it is now made according to the following formula. 

1 oz. white arsenic, k.-droMik: 

2 oz. sal soda or 1 oz. sodium . 

fi oz. water. _ -'qi'i' t*' 

Boil until clear and combine with 16 pounds of sugar and sufFicien 
three gallons. 
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Uuring this time the infested areas in the adjoining cities of Hcrkelev 
Oiiklaiid, and Alameda had increased enormously in spite of the work 
jone l>y the residents to control the ants; in some cases a single family 
^vouia spend from twenty to thirty dollars a year for ant pastes and 
vet not control them. Alameda w^as now practically a solid infesta- 
tion, Oakland has perhaps half its territory infested. In Berkeley the 
infestation had increased from five blocks to one hundj'cd and sixteen 
or twenty while in Piedmont the increase had been from four to about 
thirty. blocks and with far less annoyance to the householders lliari in 
the other cities. Invasions of the house, when occurring at all, Ix'ing 
sporadic and only for a short time instead of la.sfing tlic greater part 
of the year. This result being attained at a total cost of about eleven 
hundred (SUOO.OO) dollars for three years. And now after over a 
year of no effort the ants are only beginning to make troubhx 
In 1915 Berkeley again appropriated funds for control work, the 
present campaign being in charge of W. A. Gregory. The work at- 
tempted is purely control, no effort being made to force measures at 
any point, but wherever assistance is asked for, the city, through its 
hoalfh department, takes charge of the control measures and bears all 
pxponse. At the end of the present fiscal year, one hundred and six- 
teen out of one hundred and thirty-lliree infested blocks an' being 
treated, the total cost for the year’s campaign being sixteen Imndred 
'■S1600.00) dollars or about one dollar and twelve cents S(1.12) a 
block per month. 

While the remedy has been available to all, and most of tin' drug 
stores in the infested districts manufacture it uinler the name of the 
Argentine Ant remedy but of course at. a much higher price than the 
wholesale rates at which the municipality can fiu'iiish it, and while 
Ihe University has given directions and sent circulars to all who are 
iiilerosted in control work, yet the ants continue to increase and maiiy 
bouseholders fail to find relief from the insect even tliough time and 
money arc spent freely in the atteniptcd control. 

^'oiiifi give up and mow to uninfested localities, increased difficulty 
b found in retaining tenants in the districts, rents are lowered, and 
realty values fall, not from the luck of spending money ])ut be- 
has not been used properly. These results shotv that simple 
^ process is, the best results arc secured when the municiiadity 
^^^tinies the responsibility and places an expert in charge of the work, 
l^b This shows in the more certain control .since only a portion of 
people have success with the remedy; 

2d. The le.ssened cost, — much loss, experience has sho^Yn than tlio 
spends; and, 
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3d. The greater safety, since there will be no necessity of keeping 
a stock of the poison in the house. 

The trustees of every city infested by the Argentine Ant can thu? 
provide the means of avoiding the lowering of the value of llieirro^i, 
dence property due to the presence of this insect. 


Chairman H. J. Quatle: This paper is now open to discnsdoii. 
Dr. E. G. Titus: In the paper read the date of the first collcciing 
of the Argentine ant is given as 1908. I took it in the year lOOo at 
Ontario, Cal. 

Mr. II. S. Smith : What influence has Argentine ant on the miml)CT< 
of scale insects? Professor Lounsbury reports the black scale ns a 
pest onlv after the appearance of the Argentine ant in South Africa? 

Chairman H. J. Quayle: The soft brown becomes specially seri- 
ous under its influence. The ants keep off the parasites and the ali- 
sence of parasitism is noticeable in the case of this scale. It has not 
been noted, however, in connection with the black scale. 

Mr. H. S. Smith: The Argentine ants cause the disappearance of 

ladybird beetles in breeding cages. 

Dr. E. G. Titus : I saw the ants eating the eggs of ladybird lieetles 

at New Orleans. 

Chairman H. J. Quayee: The next paper has been prepared by 
J. G. Bridwell of Honolulu, H. T. and will be read by ilrs. Bi'iduell 
who has come for this purpose. 


BREEDING FRUIT-FLY PARASITES IN THE HAWAIIAN 
ISLANDS 

By j. G. Bkidwell 

Amons the fruit-fly parasites brought to Honolulu by 
Silvestri from Africa and Australia in 191 3 for the Board <>' ' 
and Forestry of Hawaii were three Opiine Brcuonids attacjiiiig in.ifc 
while in the fruit. Difficulties encountered in breeding these n 1 
tivity resulted in the loss of Opius perproximm. 0pm ''"'J' , 
Diachasma tryoni only were established in the Ilaw^aiian ^ 
liberating the parasites under tents over coffee trees in 
the tents being left upon the trees for about ten days am ^ 
undisturbed. It fell to the writer to hand e ma per* 

Opius humUis was later recovered. The material so i ^ 

mitted experiments which established a successfu me . ^ion 
the species in captivity which has since facilitated tnc i 
of Opiine parasites and the simple cage devised has proM 
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for several purposes besides. These experiments snd ml, , • 
to the adaptability of the parasite to its host in v., ■ ''‘'''''*"’8 

rorriod on in the latter part of 1913 and the oarK mo t, ’“i 
The IV, iter’s sudden and unforseen departure in June Toljl 'T' 
„st coast of Africa interrupted these experiments and’im '. , 
an cai'lier report upon them. ‘ ■PK'M'iitcd 

At the time of Professor Silvestri’s arrival in tt„ , , • 

1913, no method of breeding generation after gene,adon“of''r/^‘’''’’ 
Bmonuh (or, indeed, other normally mating Braconnh) i,,! 
had been worked out. Accordingly the material of the Onbae ' n'’- ^ 
hmhs and Diachasma tryoni, brought with him by Pr f ^ 
and those emerging soon after were divided into two of 

.as retailed in captivity for breeding and the other liberated b 
D T. runaway, as previously mentioned, in the Kona coffee Ih ’ 
the material of Opins perproximm was at the time June 13 u n 
reduced to a single female and this was retained in the inscefarv ’ 
Upon Professor SilvestrUs departure the breeding work wa.s ‘carried 
on according to his p ans by Mr. Fullaway and the writer, the k 
niKin the Opnnca falling to Mr. Fullaway. The methods employed 
acre briefly as follows: The parasites, both sexes together were W 
me-.„ch test tubes and provided with food (honey and w,nter) upon 
leaves. The tubes were kept in cardboard trays lying down Ind 
s aded and partially darkened by a covering paper. IVhen it was 
fared 0 employ them in breeding, fruit was placed on dampened 

,i vf P the bottoms toward 

le light. 1 he parasites were permitted to escape from the tub»s into 
lie jars and remained there for some hours. The fruit and damp .sand 
lada endency to^ sweat” the glass and great care was necessary to 
OKI the destruction of the parasites through their coming in contact 
the wet glass. The fruit-fly puparia from fruit exposed to the 
rashes were kept with sand in shell vials of about I-ineh diameter 

of thi Witli the flics. The net results i.if the use 

« this method were as follows: 

lanafe 334, of which 19 from a single lot of puparia were 


'jm humUis, 56, all males. 

¥m perproxivms, 17, all males. 

the were on August 18 and upon the writer's taking 

‘4iiial breeding work on October 1, only .a few liiiger- 

'Imre th* **'^*’”^*' insectary. From the nrea.s in Kona 

wffee V- had been liberated June 13, small lots of 

inscctary and on October 10 and 26 in- 
® 0 pins humilis emerged from the puparia so secured. A 
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single female and 3 males from this lot were employed in a siiigleex. 
perimcnt to test the writer’s theory of the cause of the failure of the 
method previously employed. 

The damp atmosphere of the fruit enclosed on damp sand in a jar 
and the resulting dew on the glass formed one obviously unfavoralile 
environment for the delicate parasites. The absence of female?, ex- 
cept in a single lot of piiparia, suggested failure to secure proper mating 
and the production of males by parthenogenesis. Observation showed 
that males placed with females in tubes usually showed but litlle 
vsexual excitement until exposed to strong light or sunlight. A tube 
containing both sexes when exposed to suplight for a very short time 
became an animated scene and the males became highly cxcitetl, run- 
ning about with their wings elevated and repeatedly attempted mating. 
In a test tube, liowever, the attempts at mating usually proved abor- 
tive and in only a very few instances was actual copulation observed. 

It seemed then only necessary to expose the fruit io the parasites in 
a cage allowing free access to the air and perhaps a moment’s exposure 
to the sunlight to start mating in a more favorable situation. The 
writer had just been reading of the success in breeding dipterous ptini- 
sites of the gipsy moth in small wire cylinders and it occurred to liim 
preferable to make his first attempt in such a cage. Accordingly he 
constructed a crude cylinder about 5 x 2^ inches and placed in it coffee 
berries infested with fruit-fly maggots, a single female and several 
males of the parasite, which he left for two days. From the resulting 
pnparia ten parasites emerged, equally divided between the sexes. 

A subsequent sending of the coffee berries from Kona gave ample 
material for breeding Imt for some months’ time failed for further 
experiment, the work of editing the Silvestri report and seeing it 
through the press preventing further experiment at the time an( lei 
some months the parasites were bred exclusively by the tent met im, 
the fruit from each lent being collected and the parasites luva ou m 
the inscetary. Subsequent experiments confirmed the impression 
the conditions necessary for success and ultimately the folloiMn? 
apparatus and method was adopted and put into use. In 
this cage was successful and upon his return in Decembei. - 
method was still employed in the insectary. 

It was desired to keep several males and females of the para^i ' ^ 
the fruit until decay compelled their removal to preserve 
and ri'cover them, to make the cage as light and airy as , ,^i; 

might be and to prevent the parasites getting away any con> _ 
distance from the fruit or from their food. To 
from becoming entangled and destroying themselves, i ^ i- 
to have the cage within free from crevices into which tnc\ i 
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„,,te in their efforts to escape. The cages finally adopted wore i,,., i 
from ordinary nursery flats 16 x 12 x 3 inches, Idle flat as i 
used fo>' f he base of the cage. The cover, or a.s may be said ' 1 1' 
ifseif, is made from the material used for tlio ends and side's of tlwr,?'’ 
rut to make a frame fitting quite loosely into the flat and'a top of ‘fine 
ropper wire cloth fastened on with wooden strips like the scree 
soiwii doors. ' " 


.1 layer of dry sand is placed in the bottom of the box b.askel 
made by bending up the edges of finch mesh wire screen and fitting 
easily into the top, is filled with a single layer of the fruit employed 
The test tubes containing the parasites and some leaves wilh honey 
and water dotted over them, are placed on the fruit. The cotton 
plugs arc removed from the tubes to permit the e, scape of the parasiios 
, 111(1 Ihe top is quickly put in place over the basket of fruit and piUed 
liniily down into the sand which effectually seals ihe cage and prevents 
die escape of parasites or the entrance of ants. The maggot.s emerging 
from tlic fruit cannot penetrate into the sand to any great depth The 
wire liaskei, prevents the fruit, wet from the oozjng juices, from .’.oniiuw 
into contact with the sand and caking it so as to inleifore with llie 
afting of the pupa; from it. When it is desired to remove the jiara- 
sitos this cage is opened in the insectary and after a time they will go 
lothc window. The insectary of the Board of .\griculbire and Forestry 
has a room admirably adapted for the pur])ose. For siieli use a room 
-hoiild have the following qualifications: It should be small, should 
have a shelf-table built in tightly against the base of tlie window oc- 
cupying the side of the room above the talde, in the iiorllieru hemis- 
plicrc, with a nortliern exposure. There should be no ol her strong light 
and the interior .should show no cracks or crevices and slioiild be painted 
idiito. ] lie ceiling should be everywhere in easy reach standing, a 
ii.iirow shelf should extend around the room and ample ventilation 
can be provided with small openings covered with very fine mesh 
‘'opper wire Screening. 

^ The method described is a practical one and permits tlic produt'lion 
'jilaigc numbers of parasites with faiality but it has the disadvantage 
•jf not permitting observations to lx? made upon tlie aetions of the 
panidtes. j\Ir. C. 11, Pemberton of the Federal Purcaii of !• 'iitoniol- 
who is at present engaged in a detailed study of the life-history of 
Opfuic Iruit-fly parasites, and has already seeured inosf interesting 
valuable results from his work, has been abl(‘ to sf'eure partial 
and satisfactory oviposition by the use of the di-ied fruits in 
qnantitios in glass. The mating seems to bo more sueeessful in 
^ laiger tubes he has used for the purpose. 

'Berk'S of experiments were carried on in the spi-ing of 1911 to 
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ascertain if Opius humilis would attack the fruit-fly in its various host 
fruits, employing tents in part and cages in part. The work canied 
on later by Dr. E. A. Back, of the Federal Bureau of Entomology, has 
confirmed the impression made by this preliminary series. No fruit 
adequately experimented with failed to produce parasites tiiough 
in highly variable numbers. The rate of reproduction of the paiasites 
was found to be somewhat greater with favorable conditions than that 
of the fruit-fly. The tentative conclusions then arrived at have re- 
quired no modification as the result of the later work. It seemed then, 
as it does now, that under favorable conditions, from the thin ineated 
fruits, such as coffee, terminalia and elengi, the parasites might well 
practically eliminate the fruit-fly but in the case of fleshy fruits, such 
as mango, guava, peach and Chinese orange, the mechanical difficulty 
of parasitizing the maggots would prevent the parasite being any 
great factor. 

As the result of three years' connection with the work on the fruit-fiy 
in Haw^aii, Africa and ' Australia, the writer is convinced that under 
Hawaiian conditions, the fruit-fly must be controlled by the use of 
parasites to reduce the flies to the point where the poisoned halls will 
be effective. The work done seems to make this conclusion certain. 
Under South African conditions, which simulate more closely those 
in California, it is quite certain that Mr. Mally has made as complete 
a commercial success of the poisoned bait method as is ordinarily 
obtained in economic entomology. 


Secretary E. 0. Essig: There are a number of applications for 
membership which should be signed and referred to the niemhership 
committee of the general association and for this purpose I move that 
the chair appoint a membership comndttcc for this purpose. 

This motion was duly seconded and passed. 

Chairman H. J. Quayle: As this committee must consist 'entirely 
of active members it will be necessary for Dr. E. G. Titus and myself to 
act. The meeting is adjourned until tomorrow morning at 10 o’clock. 

The meeting of August 11 was called to order by chairman H. J- 
Quayle at 10 o’clock, a. m. 

Chairman H. J. Quayle: For the first thing we will have the le- 
port of the nominating committee. 

REPORT OF THE NOMINATING COMMITTEE 

The report of the nominating committee for the officers of the Pacific Sloiie 
of the American Association of Economic Entomologists for the ensuing }ear]» 
follows: 

For chairman, A. W. Morrill, Phoenix, Arizona. 

For vice-chairman, R. A. Cooley, Bozeman, Mont. 

For secretary-treasurer, E. 0. Essig, Berkeley, Cal. 
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For tliP membership committee 
Oj^o year, A. L. Melander, Pullman, Wash. 

Two years, E. G. Titus, Logan, Utah. 

Tliree years, H. J. Quayle, Riverside, Cal. 




H. S. Smith. 

This report was duly accepted by the members and tho .«■ 
nominated were declared elected. ^ oftcpis as 

CHAIH.WAN H. J- : Is there any other business to come be 
fore the liouse at this time? ® 

Dn. E- G. Titos : I wish to offer the following resolution ■ 

Revoked, That wc appreciate the- use of the high school as a mecling 
place and express our sincere thanks to the City Board of EducatiL 
for the use of the same, ‘'-*uua 

This resolution was duly adopted by the house. 

Chaiiiman II. X Quayle. We shall now take up the renminder of 
the papers. The first one this morning is by Mr. II. ft. Smith 


AN ATTEMPT TO REDEFINE THE HOST RELATIONSHIPS 
EXHIBITED BY ENTOMOPHAGODS INSECTS^ 


By Hamy Scott Smith, Supmnier^enl CMJorrda State Ineeclarg, Sacramento 
California ’ 


111 any field of endeavor it is desirable occasionally to review the past 
making such readjustments as may seem necessary” in order to provide 
a more secure basis for future work. In zoology the taxonomist 
accoinplislies this by monographing, as necessity may demand, the 
group m which he is interested. The monographer performs a valua- 
ble service, since he not only standardizes that which has been done by 
others before him, placing each known species in its proper phylogen- 
etie position in the group, but he defines the species as well and, if his 
icsu fs he worthy, makes it unnecessary for future students to go back 
Of his monograph. In this way much valuable time is saved, and 
main needless misunderstandings, through lack of proper definition, 
»e .avoided. 

^ In biological w'ork names are quite as necessary as in taxonomy, and 
111 definition of a biological phenomenon is fully as important 
description of a genus. Just as descriptions of genera 
mn altered as new species arc made known, just so 

the M biology occasionally be altered to keep pace with 

of knowledge in biology. Definitions in a growing science 

^^asioiutl contributions from thf> r«HfnriilQ Insectary, No. 2. 
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are things to be modified and limited, just as the science itself i.^ j^odi 
fied and limited. 

The use of entomophagous insects in economic entomology, \vhile 
not exactly a new branch of science, has experienced a considorablo 
development in recent years. This development has necesdtated 
more careful biological work on entomophagous insects, and lias in- 
directly resulted in the adoption of a number of new terms to designate 
among other things, the many different types of host-relationships 
exhibited. Many of the terms having to do with insect parasitism 
have “just growed.'" They have never been defined, and as thev 
originated at a time when our knowledge of the subject was much lo.ss 
than at present, we find that they frequently include, under one name 
two*or more distinct phenomena. In other cases two or more terms 
have been used to designate the same phenomenon. The host-rela- 
tionships of entomophagous insects is a subject of considerable com- 
plexity and an accurate definition of the different types is essential 
to a clear understanding of them. It has seemed to the writer that 
to redefine the old terms now in use, to standardize, in a way, the ter- 
minology of insect parasitism, would bo to render a service to the 
workers in that branch of entomology. In the following pages will 
be found the writer’s contribution, in so far as his limited knowledge 
of the subject will permit, to such a redefinition. 

The term parasite itself is one of tht; most difficult to define and it 
will not be attempted here. In this pajier, when the term parasite is 
■used, it will be understood to refer to certain temporary cnlomoplia- 
goiis insects only, and not to those insects such as IMallophaga, etc., 
which depend upon animals other than Arthropods for their subsisi- 
cncc. 

In recent years there have appeared t\Vo papers,^ by Messrs. Fiskc 
and Pierce, in which certain phenomena connected witli host-relations 
were defined. These will be referred to frequently later on. 


Parasitism and Pred.vtism 

The first and simplest division usually made of entoniophagoii? 
insects is based on their method of feeding. These divisions arc 
usually designated as parasitic insects and predaceous insects, and 
these terms are generally used in what seems to Ire the eoncct seij>'C- 
A parasitic insect, in the generally accepted sense, is one which passer 
its entire larval state within oi' upon a single individual host. A 

^Fiske, W. F,: Siiperparasitisin; An Important Factor in the Natural ( ontidot 
Insects, Jour. Econ, Ent., vol. Ill, pp. 88-97; Pierce, \V, D.: On Some 
Parasitism displayed by Insect Enemies of Weevils, Jour. Ecox. Ent., ' “k Id- 
■151-458, 
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insect is one which requires more th'm i • i- 
,( the host species for completing its devdopmenf 
nient wiuld seem to necessitate a more or less well T 

,„eon.otion. There is however, no definite divrsi:::S': ::;;;:-^^ 
,is„, and preda ism and in certain cases it is difficult to know wd li':- 
to call an insect a parasite or a predator. A ca.se of thi | ' V 
Ptcronialid scale-parasite Sr^Mluta cyanea. If' fo||„; il"; 
tioii given above Smtelksta might come in oitlier tlie p-ins 
predaceous category. The female f-'cutelli.da deposits hw. 
neath the adult black scale. The parasite lai va. Imwevei d |' 
upon the eggs of the host and requires a laige miinher. frequentlv 
several hundred, to complete its development, althongli it 'ihvu 
niaturcs licncath and upon the eggs of a single host scale The 1 1' I*" 
tion then arises as to whether we should call l-'cntellista a pansi("''*’f 
the hlack scale or a predator upon black .scale eggs. ’ ■‘I’he ildiailn 
of the tenii parasite might be enlarged to fit eases of this kind liv sav- 
ing (li.at a parasite is an cntoiriophagons insect which requires 'ini't' a 
single individual host insect, or the eggs of a single niilividunl to 
minplele its development. But in calling to mind tlie life-his'to'ries 
of various kinds of parasites wo find that oven tliis enlargement of the 
lirfifiilion as generally understood nfill not .smve to define the host- 
relation.s in all cases. Macrorileij-ia (ecanthi Aslim., a Chalcidoid 
prasite ('>) of tlie tree-eriekets, carries u.s a step farther. This so- 
rallcd parasite lives in the pith of the twigs in whicli the iree-crickets 
have depo.sited their eggs and upon which it feeds, rnhke .s'entellista 
however, it may, and frequently docs, feed upon the ogg.s of mom tlian 
one individual tree-crieket, and by reason of this approache.s still more 
lioscly to predatism. There are inanj- exiuniiles of tin's fype of liost- 
rchitions. In Italy there occur two ('halcidoid enemies of the alfalfa 
wi ll, one a Pteronialid and the other an l-iupelmine, of similar liabit.s, 

K (ggs of the alfalfa weevil and other siiccies of Phytononius are 
'hlKisited within the stems of the host-plant in clusters. Tlie two 
p,n.isit(.s iiientioned here feed upon tlii'se eggs not a.s egg-par, asifes 
Hit .i|. piedators, often devouring egg-mas.ses from .several different 
rt.*p'''' ^"''®*’Pting for the fact that one is jn'otected and the otlier 
'tt‘ s m the open, there is no, essential difference between tlie.se so-called 
pai.i.vite,, a,,, I pij.y.j qC i^(,|[pQpjg^ l'„], (>xainplc, wliich feed.s upon the 
,-K “t mealy-bugs, or the larva of Ihe Brown Lacewing, nenicroliiiis, 

^ ttpon the eggs of the same host. Seymnns, Hyperaspis 
till' have similar habits. In view of these fact.«, 
iiini'lr'*^' scarcely say that there is a definite line of deniarca- 

raco '*"*'*'" Ptt'i'asitisni and predatism, liut the two, like geogriqiliic 
'nfeigi'adoj the two extremes being quite distinef. In fact iherc 
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are some species of insects, like Aphelinus mytilaspidis, for example, 
which are both predaceous and parasitic, feeding either upon the adult 
insect, or the progeny beneath the parent insect. The distinction 
between parasitism and predatism is of no great importance, but it is 
well to bear in mind that many of the so-called parasites are parasites 
only because they belong to a parasitic group, and not by reasoii of 
their method of feeding. 

The interrelations of the parasites themselves are quite complex 
and, it seems to the writer, not as yet well defined. A knowledge of 
these interrelations is of not a little importance when the subject of the 
control of noxious insects by their insect enemies is under consideration. 
There have been used in the past a number of phrases and terms to 
designate the different kinds or types of host-relations and of interre- 
lations of the parasites themselves, many of them used in one sense 
by one author and in an entirely different sense by another. Ob- 
viously this is not conducive to a clear understanding of the subject 
and should if possible be avoided. Some of these terms and phrases 
are hyperparasitism, secondary parasitism, tertiary parasitism, su- 
perparasitism, accidental secondary parasitism, cannibal superparasi- 
tism, mixed superparasitism, true secondary parasitism, multiple 
parasitism, etc. 

Hyperparasitism 

The term hyperparasitism is generally used to denote any stage of 
parasitism other than primary. That is, either a secondary parasite 
or a tertiary parasite is a hyper parasite. This is a useful term in the 
entomological vocabulary and is generally confined to the above mean- 
ing, although some use it synonymously with “secondary.’' Mrsuse 
of the term occasionally occurs when, for example, parasites of lady- 
birds are called hyperparasites. There is certainly no valid excuse for 
calling a parasite of ladybirds a hyper parasite, since it is irot a parasite 
of a parasite, but is simply a primary parasite of Coccrnellida*. dhe 
fact that ladybirds are usually beneficial should have no bearing in t e 
case, and such use of the term is only confusing. Neither sliouM 
primary parasites of any other predaceous ipsects such as Leiicopis, 
Chrysopa, Syrphus, etc., be called hyperparasites, although we tin 
such use of the term occasionally in entomological literature. 

Indirect Parasitism 

Indirect parasitism, which is a type of hyperparasitism, is^ 
closely related to secondary parasitism, and has not heretofore e 
defined. This type of host-relationship can best be illustrate( y 
amples. One of the most noteworthy instances of this type is t le 
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cidoiil parasite Penlampus hyalinus,' and is, so far as 1 1 
case on record of an indirect parasite 7 

hiatus in its known life-history, since we know nothing a" de' p','! 
time of Its oviposition habits. But wo. do know that it ,atu 
larva, of Hyphmtna cunea, not for the purpose of broe.lina upon I v 
phantna, as it is unable to do this, but for the ^ake of the 
parasite which it harbors. Strangely enough, in the ease oi 
ticular parasite, it does not matter mueli what the primarv para.it m’"' 
just 80 it is an internal parasite of //. eauca. It, will be seen then tha^ 
in the type of host-relationship known as indirect parasitism tlierc are 
ahvays three insects necessarily concerned simultaneou.lv if the in 
direct parasite is to succeed m reproducing: first, the host of 1 he prim- 
ary parasite; second, the primary parasite, and tliird the indirect 
parasite. Xo other host conditions will sufice. It will readily be 
seen that this type of host-relationship represcjits a very different kind 
of parasitism from tliat occurring where a parasite oviposits directly 
into the primary and yet both have always been known as secondary 
parasitism. Types of host-relationship so widely different should he 
distinguished by different terms. I would restrict the term imlirect 
parasitism to the type of symldosis similar in a general way to that 
occurring in Perilampus kyalimis. As a definition of indirect parasi- 
tism I would suggest the following: Imlirect parasitism is that tvpe of 
symbiosis in which the one parasite attacks a host insect upon which it 
Itself is incapable of breeding, for the sake of the primary parasite 
which it may harbor. Since the liiology of so few paiusitic insects is 
known it is impossible to sa}" just to what extent indirect parasitism 
occur, s in nature. Besides P erilampus hyalin us one or two other species 
of this genus are known to have this habit, although several species are 
known to be true primary parasites. In the Tchneimionoidea this 
t}pe of paiasitism is knowui to occur in Mcsochorits paJlipes, a parasite 
of die Braconid, Apanteles fuJvipes, which is in turn a parasite of the 
moth in Europe. Since several other species of this genus are 
parasitic on Apanteles species, it is probable that many of them have the 
same habit. To this class belong also a num]3cr of hyperparasites of 
scale insects. Among them are species of the genus Ifusemion which 
parasites of Microterys and Aphycus, in their turn parasites of tlie 
^0 1 brmvn scale, species of Cheiloneiirus which breed on various 
parantes of mealy-bugs and scales, and Cerehysius, a parasite in one 
oase of Microterys on soft brown scale, and in another on ScideUism 
and Tomocera californica, parasites of the black scale." Species 

^h&lcidoid Genus Perilampus, and its Relations to the Problem of Parasite 
o<luc.tion. Bui. 19, Tech. Ser., pt. IV, Bur. Knt,, U S.D.A. 
pp “Parasites of Coccus hesperidum,’’ Jour. Ecox. Ext., yo!. 0, 
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of Figitidae also have this habit, ovipositing into aphids in order to 
breed upon the aphidiines infesting them. Considered from an eco- 
nomic standpoint, these indirect parasites are of no greater impoj’ianee 
are capable of no greater harm, than are the other hyperparasites. In 
fact they are less to be feared as a general rule since their life-histories 
are more complex and the more complex an insect’s life-history is. 
other things being equal, the less possibility there is of its becominii; 
abundant. 

Secondary Parasitism 

The type of host-relationship most closely allied to indirert pjua- 
sitism, and most generally confused with it, is secondary parasitism. 
While these two forms of symbiosis bring about the same final result, 
i. c., the destruction of the primary parasite, the manner of accomplish- 
ing this end is very different. Strictly speaking, a secondary parasite 
is merely a primary parasite of a primary parasite. While this is also 
true of the indirect parasite, they differ in that the adult of the indirect 
parasite does not oviposit directly in or upon its host, but into or upon 
the host of the primary.^ The adult of the secondary parasite de- 
posits its eggs directly into or upon the body of the young primary. 

The life-history of the true secondary is very simple as compared to the 
complex life-history of the indirect parasite. In the one case two 
insects only, the secondaiy and its host the primary, arc concerned. 
In the other three insects, the indirect parasite, the primary parasite 
and the host of the primary are all directly concerned. 

True secondary parasitism is of very^ common occurrence in iiature, 
and is of great importance in the natural control of insects. Practically 
all species of primary hynienopterous parasites, and especially the 
cocoon-forming groups of which the Tchneumonoidea compose the 
majority, are greatly subject to attack by these insects. The lach- 
inidae and other parasitic Diptera are also destroyed in large nuinber>. 
True secondary parasitism is of most common occurrence among the 
Chalcidoidea and is found especially in the families k'nlophidiT mid. 
Pteromalidse. It also occurs in the Kurytomidse, Elasmida\ Cal- 
limomiche and Chalcididae. It occurs very uncommonly, if at all. in 
the Encyrtidae, since in that highly specialized family indirect pani 
sitism takes the place of secondary parasitism. I do not call to niiiK 
at this time any case of secondary parasitism, as here defined, m ic 
Proctotrypoidea or Cynipoidea, although in the latter indirect pma 
sitism occasionally oecurs. Secondary parasitism should occin 
both of these superfamilies, however, since many species are 
of Diptera and they will undoubtedly be found to attack some o 

^ In the case of Perilam'piis hyalinus, the oviposition habits are 
young parasite larva or planiMum is first found on the outside of the cate.i'' ‘ 
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parasiru' species.' In the Ichneuraonoidea socondan' rvn-idtis,,, 

casioicilly occurs, especially in the Cryptina. ' ■ ■ u, inn,- 

As a ilefinition I would suggest the following: Secoiuhn- ,v„. , 
type of symbiosis where a para.sitc .lestrovs .a p. innn v' 1 , 0 ^,! 

I, V direct attack, and not through the medium of’fhe host of tl i 
ary paj'asite. • ' 

Since this type of insect has the same relation to primary i>ar-i<ite. 
aMhc latter have to insect pests, it naturally follows that they aVe an 
extremely important consideration in the control of inimioiw' inject ’ 
They are m our native fauna responsible in many eases for the iir 
effective work of primary parasites which ^vould otherwise he of «reat 
practical value. In the introduction of new beneficial inscct^lt V 
obviously of greatest importance to guard against tlic introduction of 
these secondaries. Many primary parasites of little importance in 
their native habitat might, by introducing them into new localities 
■ become of great practical value through the elimination of their .sec- 
ondaries, especially if these secondaries have no countcrpait in the new 
locality. Occasionally, however, the newly introduced parasite is 
immediately attacked by secondaries native to the new locality and 
which had as their original host species of the same genus as the pamsite 
introduced. A noteworthy instance of this kind occurred at the 
Gypsy Moth Parasite Lalioratory of the lb S. Department of Agri- 
cultiire.2 Apanteles fidvipes, a common parasite of the gyjisy moth in 
biirope and Japan, was introduced as a most promising species. In 
hurope it was found to be attacked bx^ something like twenty-five 
species of secondaries and indirect parasites, and other hypoparasites. 

In Japan at least thirty species of hyperparasites occurred. During 
the first generation on Ameilcan soil seventeen species of hyperpar- 
asiles, for the most part diflerent species but the same genera as tlmse 
occurring in Europe and Japan, attacked Ap(uMe.^ Julripes. 

In this case the elimination of the seeondaiies probaldy did not have 
U‘rv important bearing on the success of the introduction, since the 
'll traduction of hyperparasites having the same habi.ts as native par- 
35ites would merely serve to eliminate (o a large degree (he native 
parasites, leaving the total percentage of mortality al)out (he 
^ine as liefore. The introduction of secondaries which have no coun- 
t^rpait in the new fauna, liowevcr, 'would have an entirely diflerent 
^ and the greatest care should be ('xercised to eliminat<‘ any hy- 
Pijparasites which would form a new element in tlic local fauna. 
J^u^y the only safe way of doing this is to eliminate them all. 

aiii() above I have come across a record of true secondary parasihsiii 

A snp^'^ l^^'^iifotrypoidea by Mr, Swezey of the Sugar Planters’ Station of nonolulu. 
lies of ( eraphron was found to parasitize HaphgoualoiW'^. a Dryinid 
<i"ardand Fiske: BuL 91 , Bur, IM., T.S.D.A, 
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Tertiary and Quaternary Parasitism 

Parasitism of a stage beyond that of secondary— if we (lisioffard 
those cases of accidental or chance parasitism— is of not at all coniiiion 
occurrence. I do hot at this moment recall a single authentic ca^c of 
true quarternary parasitism, although such have been recorded It 
will generally be found in the instances where parasites are recorded 
as quaternary that they are only accidentally so, the same species 
being by nature either secondary or tertiary. Some parasites such as 
Dibrachys honcheanus are so omnivorous in their food habits that tliey 
will develop on practically any parasite larvs enclosed in a cocoon or 
puparium. This being the case, if they oviposit into a cocoon con- 
taining larvse of a tertiary parasite they arc able to develop on the ter- 
tiary larvae and then they become numerically speaking qnalornary 
parasites. They are not, however, obligatory in this r61e, and if they 
are to be designated as quaternary at all the term should be modified 
by the word accidental. There are grave doubts as to Avhether an 
obligatory quaternary parasitic insect exists. 

Obligatory tertiary parasitism does exist in nature and will no doubt 
be found to be a fairly common phenomenon when the life-histories of 
more parasitic insects are thoroughly known. The best instance of 
true tertiary parasitism is that of the Eulophid, Asecodes aMams. 
The writer has made hundreds of dissections of cocoons of various 
microgastcrine parasites in New England and in every case Asecodes 
was found to be a true tertiary parasite, breeding generally upon 
Dibrachys bo^ickeanus, a true secondary. Other species of the Ente- 
donini will without doubt be found to belong to this category. 

Dr. L. 0. Howard in his interesting paper on the parasites of the lus- 
sock moth, at the close of his chapter on the interrelations of the para- 
sites, says: '‘We would naturally have expected a period of abundance 
of tertiary parasites to have followed that of the secondaij paiadtc?^. 
This, however, was not the case. Tertiary parasitism seemed to be 
comparatively rare and was only definitely proven in the case of A?- 
ecodes albitarsis and Dibrachys houcheanus, the latter being usua \ a 
secondary parasite. . . . There must be a limit to this am)i ' o 

parasite upon parasite at some point and it seems certain that teitian 

parasitism is rare and that quaternary parasitism seldom occurs. ^ 

As mentioned above, Dibrachys is in reality a secondary am oe- 
comes tertiary in this case only through accident and its 
food habit. Asecodes is, however, an obligatory tertian 
T would define then as tertiary parasitism that type of 
where a parasite is obligatory upon an obligatory secondary. 
quaternary would necessarily be obligatory upon an obliga 
tiary parasite. I believe with Dr. Howard that there must )C 
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to this work of parasite upon parasite and while if • 

scientihe to allow one’s opinions to outstrip the facts 

jo few life-histories of parasites are known I donhf f 

paMsiti.«m as defined above really exists ’amo,,. cntmiT'''’*''''""-' 

jects. Accidental quaternary parasitism does of (..on,- 

case of omnivorous or general feeders such as Dil„..„.k,"“ 

aad so far as this type of insects is concerned thoie is'nt, , '1,*“'”'^ 

limit to the numerical relations which may deveinn ' ' '’® 

for example, breed upon Asecodes and in its tun, Aseoo,l 7,S'i 

upon this generation- of Dibrachys, and while (his sort of V 

hardly go on ad infinitum as Burns would have us believe ‘’T‘ 

certainly continue as long as the food supply lasts. ’ 

SUPEHPAKASITISM AND MULTIPLE PaRASITIS.-U 
.Supcrpai-asitism has been defined by Fiske (hr. di ) .,.s tl,.,, f r 
symbiosis resulting “when any individual ho.st is attacked 'be t “ 
more spcc.es of prima,-y parasites or by one species nroro than Za" 
he have under superparasitism a.s defined by Fiske two quite distinct 
phenomena. These were later designated by Pierce t he cil ) as ea , 
rnbal siiperparasitism and mixed superparasitism In n 'n,'-', ■' 
article Mr. Pierce gave to the latter phase of para.sit.srn the lermr 
cidental secondary parasitism. This phase or rather these phases of 
parasitism have been so ably treated by the two entomologistrnien- 
tioned that there remains little to be said in this connect, on and those 
mtci-csted are reierred to the' two articles for further information^ 
ouevei, since the avowed purpose of this paper is to standardize the 
reimino ogy o the liost relations of ciitoniophagoiis insects the subicet 
eamiot logically be left with two terms for the one phenoinenon in one 
ease and one term for two phenomena in the other. 

The writer would suggest that the term superparasifism be re- 
I ncted to those eases where there is a superabundance of parasites 
I'' mgk ,'^pcctes (cannibal superparasitism of Pierce). It frequently 
'lypen^ especially when the total percentage of parasitism runs 
noiiiiaiiy ligh^ that the mother parasite deposits many more eggs 
canj)ossibly reach maturity on a single individual host, or in 
km female parasite has laid her quota of eggs another 

parasT^ \ ^ species, lacking the ability to distinguish between 
^ame^’ r u^M^^ii’asitized hosts, deposits a further supply in the 
^itisniT phenomenon alone I would term superpani- 

krmed other phase included in Fiske’s superparasitism to be 

andiv.* parasitism (Pierce’s accidental secondarv parasitism 

'j^^^^^^uperparasitism). 

^ of definition I would suggest the following; Superparasitism 
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is that form of symbiosis occurring when there is a superabundiincf. of 
parasites of a single species attacking an individual host insect. 
tiple parasitism is that form of symbiosis where the same in.lividual 
host insect is infested simultaneously with the young of bi'o itr Wore 
different species of primary parasites. The term multiple panisiti^m 
has already been used by Pierce to designate gregarious parasiu^s and 
while I dislike to use the same term for a different phenoni(>iion 1 
know of no unused expression which fits so well this phase of pniasi- 
tism. 

In a brief paper like this it is possible only to touch upon (lie nuiin 
headings of the extensive subject of host-relationship of cntoinophagous 
insects. It has l)ccn attempted to define only the most importaiii 
divisions, but each of those is of course divisible into a miinbor ot 
lesser types, \yhile the writer is not so rash as to believe that thciv 
will be a general acceptance of these definitions by entoinologisis, h. 
does hope that they will be of some assistance to students of this mo>r 
interesting phase of biology. 

Chairman H. J. Quayle : The next paper will be on the 
of scale insects by the wind. 


dispersion of scale insects by the wind 

By H. J. Quayle, University of California, Citrus Experimml Station. 

California 

The manner and extent of dispersal of many insects have liroi 
largely conjectural until recent years, and even now exact data Imf 
been secured for comparatively few species. Of course, wc hay' ha. 
record.s of the great distances that certain flying insects may la- ■ 
It Is only necessary in this connection to mention siicli iiisyts y ni 
migratory locust, Schistocerca peregnna, which has been lomi' 
hundred miles east of its home in South America and is y'ljP'y* ^ 
have crossed over even .to Africa, or our own Rocky 
which has gone one thousand miles from its breeding ground. " 
moths that have been seen over four hundred miles at ya. 

It is only recently, Ii.wever, that we have come iido 
definite data as to how fur si;, h f ,yii g mseeis as 
non-flying forms as gipsy moth larva, may traye • I,,, ,||f 

data, a few hundred feet or a few hundred yards wa^ i ' r .^1 


limit of travel of the horse-fly. The work of Arnold, < oP' 

■ Paper No. 30, Citrus Experiment Station, College of Agncultuie. 1 1>> 
California, Riverside, California. 


et ai- 

ersity oi 
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Jtovif. Hiae, Howard, Hodge, Hitidle, Zetek, and Parka- l,„,rov.- 
lias given us positive data as to the dispersal of the hoiKc-ilv 1/, 
joBifshtad Parker Has given us evidence for the greatest' 
dispersion, namely, 3,500 yards, but this distance, as he infers "l,,'- 
not represent the possible extreme spread, bee, arise his captures irere ' 
not beyond the distance indicated. 

Burgess' and Collins^ have determined that the gipsy motli Iritt 
niay Ite carried by the wind for a distaju-e of tbiztcRn'and otiJdndf 
niiks. Munger, Stabler/ and tVeldon have .shown thnt tlio almond 
mite, Bryohm pratense, may be carried by the wind a di.stanco of (>50 
feet and to an elevation of 50 feet. This definite iiifoniiatim. concorn- 
mgtbc agency of the wind in spreading in, sects has a very important 
bearing on any control measures that tnay i)c employed/ T!ie qilos- 
tion, of course, is not so pertinent for insects tliaj ai-e ('orjtrolled l)v an 
!\rsenical spray because the protective poison is present on the plant 
and it makes little difference whether the insect cmnes fi-om an ad- 
joining tree or from a neighboring orchard. 

In the citrus sections of California, where more regulation and en- 
forcement of insect control are probably pi‘acticed titan in any other 
part of the world, the matter of neighboring groves serving as a so\irce 
for rcinfesting treated ones is a question of eonsi(lera])le importance. 
Our previous work® has shown that t here is little ])ossi))ility of ayoun'*' 
scale insect making its way from one tree to another l>y its own powei-s 
of locomotion, It has also been shoren tlmt insects and bird&. well 
as man in his usual cultural operations, )nay be factors in sjri'eading 
the scales, ami these agencies may accoimt for tlie origin of an infesta- 
tion at a consifterable distance. But more important, we believe, than 
sll of the above agencies in distributing scale insects, is the wind, 
llliile many of our horticultural officers have appreciated the impor- 
tance of the spread of the scales from adjoining gror-cs. the question 
has been doubted by some entomologists. It was for the purpose of 
securing, if possible, some definite data tiiat experiment.s were under- 
taken along this line. 

|Scc JovR. Kcon. Ent,, vol. 9, no. 3, p. 353, 1910, for these referenees. 

'Biirgess, A. F, The Dispersion of the Gipsy .Moth, Boi. 119. But. Kiit. U. S, 

A., 1913. 

‘Collins, C. W, Dispersion of Gipsy Moth Larvw bv the Wind. Bui. ‘273, Bur. 

1915. 

Stabler, H. P, Red Spiders Spread by the Wind. The Monthly Bulletin, Cah 
Hort. II: 12, p. 777, 1913. 

'Hie, H. J. The Red Scale. Cal F^xp. Sta. Bui, p. 129-131, 1911. The 
Cal. Exp. Sta. Bui, p. 100-105,1911. The Purple Scale. Cai. Exp. 

' p. .330-332, 1912. Locomotion of Certain Young Seale Insect^. Jocit. 

‘ vol 4, no. 3, p, 301, 1911. 
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The first series of experiments was to determine to what extejit the 
young of the black scale, Saimtia olece., might be captured on tangle- 
foot flypaper. After the paper had been exposed to the sun for nvo 
or three days, it was found that the sticky material became very laird 
and firm It’ was at first thought that this fact would make the paper 
of little value for entangling the scales, but upon examination, it was 
seen that many were captured nevertheless. It should be noted, 
however, that in the discussion that follows, all time records arc for 
but two or three days, the limit of effectiveness of the material, regard- 
less of how long the sheets might have been exposed. If the t.inglc- 
foot had remained effective longer, there would, of course, have liccn 
many more scales captured. On the other hand, there is some little 
advantage in the handling and examination of the sheets occasioned 
by the hardening of the material. The sheets were placed m different 
situations and at different distances from infested trees as indicated 


below, 

Sheet No. 
1 


17 

18 

19 

20 
21 
22 

23 

24 

25 


The (-'.tPH-RE OP Vm NG Di..iCK Scale os T.asglefoot Sheets 

Date Placed. 191.5 
June 2K 
28 
2S 
2H 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 


28 

28 

28 

1 

1 

1 


Exposure 

Height 

Distance 

South 

.5 feet 

30 leet 

West 

2 “ 

30 “ 

East 

2 " 

30 " 

North 

5 " 

30 “ 

North 

6 

30 

South 

.5 

30 “ 

East 

5 “ 

0,uter tree sq. 

West 

3 " 

n»d. 

Wcsl 

3 " 

35 feet 

West 

West 

3i " 

45 

West 

3-i " 

Center tree sq. 

West 

3t " 

Ibid, 

West 

Vi “ 

20 feet 

West 

31 

35 “ 

West 

4 ‘ 

13 “ 

East 

4 " 

27 

West 

3 ■■ 

100 “ 

West 

3 " 

200 ■' 

West 

3 “ 

250 “ 

West 

•i " 

450 “ 

West 

3 " 

Center tree sq. 

West 

3 " 

Front of tree 

West 

3 ■' 

liiid. 

West 

3 " 

Center tree sq. 

ity-one sheets put out 

on June 28, 


Mo. (it Scales 
140 
300 
156 
228 
192 
flfi 
84 
504 

m 

300 

432 

S31 

105(1 


840 

246 


Sept 


of 7,202 scales or an average ot 040 scales lor eaui . • ■ 

sheets fell below 100, while the maximum the 

distance from the infested trees ranged frona 10 ^ , ^,i„a 

average distance being 70 feet. The prevailing 
was from the west and southwest. On sheets ^ ,L.surc.tl>' 
average for each sheet was 408. On those with a south 
average was 241, north exposure, 210, and east exposu , 1 
ever because of the difference in the number of sheets wit 
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ent exposures, and the fact that infested trees occur, .e-l 
one si.lc in some cases, no definite conclusions are drawn . 0 tT “ I 
figures as to the number of scales captured in relation lo the , " T'’ 
direction of the wind. picA.iihng 

In the case of the black scale, which has a mor e or le^. .i.o n 
,.riod of young production, di.spersal worrirh: « eS ' 

largely during that period. The only other time wm.ld he who tlm 
scales are migrating from the leaves to the twigs, or when they Lw 
detached themselves from the plant for any other reason and at '1 l! 
t,me.s, on accoiint of the mcrca.sed size of the insects, their dispersal hv 
the wind would not be so great. ' 

The above conclusions are supported by our experiments as .shown 
by the last four sheets referred to in the table. These sheets wore 
exposed on September 1, after the hatching of the scales had ceased 
and they were settled on the leaves and twigs. The sheets were placed 
in the same grove as those of June 28, and 1.5 feet was the greatest 
distance away from infested trees. The average nuinher captured on 
these sheets was 2| scales as against an average of ddO sc,ile.s on the 
Acets placed on June 28. The important period of dispersal of the 
black scale, as xvell as of the citricola scale and othcr.s having usually 
nut one generation a year, is, therefore, from April to September or 
:hc period when the great majority of active young appear. This 
act would not apply so strictly to scales having three or four gencra- 
10 ns a year, as the red, yellow, purple, and soft brown scales, since 
lOUiig may be present in greater or lesser numbers throughout the 
‘laimei' portion of the year, or from March to Deccmhei- in California. 

1 he data thus far secured have reference to the black scale, but Mr. 
Bishop of Orange County and his inspector, .Mr, Paddock, had taiiglc- 
oot sheets so placed as to capture the red scale, Chnjsomphiilm aurmilii. 
rhe.se sheets were submitted to the writer for cxamiiialion. The dis- 
•uice ranged from 6 feet to 1,50 feet, and young red scales were found 
most of tiie sheets. 

In the experiments witii the tanglefoot paper notetl aliove, there was 
10 obstacle between tlie sheets and the infested tree.s to interfere witli 
6 flee carrying of the scales. In order to determine what happens 
indei normal conditions in the gi-ove, the following experiment was 
•arried out: 


A four-acre block of grapefruit was selected that was fumigated in 
' II with the result that practically 100 per cent of the black scale 
^’ere killed. A careful examination of the block in April, 1915, re- 
ed in finding no scales, and in midsummer all of the scales present 
indicating that they had not come from parent scales 
G trees, but from neighboring trees. This block of clean 
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trees was surrounded by severely infested orange trees on the west 
south, and east sides. On the north was an abrupt slope of l-arreii 
ground. There were 25 trees north and south and 16 trees oast and 
west in the block. The examination for scales was made on An oust 
20, 1915. Twenty-five leaves were selected at random from the north 
east, south, and west sides of the tree respectively,. making a total of 
100 leaves from each tree. 

Below is represented the block of trees on which examination of 

WIND DISPERSION 
Young Black Scale. 


”323 




T' 

25 •* 


118 



••431 



" ■• 53 '• 


21 ' 

•164 * 





It ,, 


• 84- 

*!13' 

17 




» 

“•902 



45 . 

“ 81 '• 

13 ‘ 

“208“ 

100 


'• „ 




•lO* 

“117- 

9 

1.247 ” 

•98' 
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•7^‘ 
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••280‘ 
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Fig. 35. Bata from exj)erinioiital plot. (Original). 

young scales was made. The small figures represent the number of 
scales on 25^1eaves on the respective sides of the tree, while the laig? 
number, which is the total of the small numbers, represents the number 
of scales on 100 leaves of the respective trees. 

^ From the above it will be seen that there is a total of 4,803 scales on 
100 leaves of every fourth tree on the west row, while the fifth ^o^^ to 
east drops down to 1,564 scales, or a difference of 3,239. 4 he 
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,„„.on '.ho south side shows5, 128 scales as against 1 4-?7 or-, ,li.r 

(,( Ml the fifth row from the infested trees Tal-in-ti 
„„ the west again, there is a total of 2,218 scales on the Mfi-Jv,!"" 

side of every fifth tree, as against but 369 scales on'ihe'. . ' "" 
hor of h'aves on the .east side of the same trees. The orev.n- r 
lion of the wind, it will be noted, was from the soutlnvcsi ' 

This tour-acre block, as the results have shown, was not laroe i 
to dcteiiiiine all the possibilities of the experiment. It was se"^^"' I 
anticipated that the scales would have spread over the oiitire'arr'' ' 
„„c sc-ason, and since the infested frees were on throe sides with a 
dight wind blowing from the opposite direction at nlHif as .,'i 
ivith that of the day there appears to liave been some moveine'n' 
troni tins direetion. However, on the cast row of the block nnmedi 
atcly adjoining infested trees, there are more scales on the west siile 
„i the trees than on the east side. The figures are 1 .020 for flic west 
-ide and 388 for the east side. With a few execpiioiis, ail of the (rees 
dioiv more scales on the west than on the east side of the tree On tree 
13 ill row 1 , for example, 060 scales are found on the 25 leaves on the 
ivfst side as against 36 seale.s on the same number of leaves on the e.ast 
Hiic, 


From a practical point of view tlie agonc}^ of the wind in spreading 
li'int-fccding or disease-bearing insects is of very great consequence. 
In the ca.se of lire block of trees referred to, (lie work of funiigatioji 
in 1914 was so satisfactory tliat the trees should have gone sevci^al 
years without treatment. As it was, in spite of the fact that 100 per 
<vi]t of I fie .scales wore killed, the trees could not go untreated over a 
jingle year and had to be fumigated in lObx Other host plants grow- 
ing in (he vicinity, particularly border host trees, are. likewise, directly 
icspnnsihle for reinfesting treated trees. 

billing the present season we varied our experiments on wind dis- 
jX‘l^a^ somewhat by having more direct control of the origiii of spread. 
This was done by cutting branches, biidly infested with the black scale, 
■ifid su^ponding them on a pole in the midst of barren ground. Three 
|i|nglefoot sheets wei’e placed in the form of arcs of circles at distances 
26. 46. and 70 yards respectively on the leeward side of the iii- 
Ned blanches. The length of the inner are was a))Out lb yards and 
are about 45 yards. Three slicets were also placed on the 
I'lnc ward .side at a distance of 15 yards from the infested branches. A 
^ ^0 young black scales were captured on the nine slnads on the 

si(,le^ three sheets on the windward side. The 

on a single sheet, 24, was found on the one directly 
ar(v bie point of origin. The total of the three slicets in this 
^ ‘^^^bince of 26 yards, was 37 scales. The total on the next three 
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sheets in the next arc, a distance of 46 yards, was 17 scales, and on Ihe 
next arc, a distance of 70 yards, 9 scales. All of these 60 scales « aiiie 
from an amount of branches that would be represented by a three- or 
four-year-old tree. On the three sheets on the windward side, hu1 1.5 
yards distant, there were no scales. 


Summary 


Young black scale, Saissetia olecc, have been found to be carried by 
the wind, as represented by their capture on tanglefoot sheets, at 
different distances up to 450 feet. This distance does not necessarily 
represent the extreme dispersal since provision for capture was not 
made beyond 450 feet. 

The young of the red scale {^CJiTysoTfiphoIus ciuTdntit) were captured 
on tanglefoot sheets at distances ranging from 30 to 150 feet. 

It is possible that many of the scales on these sheets were dead at 
the time of capture, but that there were many alive is shown by the 
next statement. 

Young black scale were distributed over an entire four-acre block 
of trees, without question chiefly by the wind, in a single season. They 
may be distributed by the wind over a much greater area than this. 

That the spread is chiefly in the direction of the prevailing wind is 
shown from the figures given for the block of trees, as well as by the 
captures on the tanglefoot paper. 

In the case of young black scale, dispersion by the wind occur? 
largely during the period of young production from April to l^cp- 
tember. With scales having three or four generations a year, the 
young producing period is prolonged and consequently the liability 
of the young to be carried by tbe wind is prolonged. _ 

The data presented on the dispersion of scale insects by the wino, 
which data represent only a preliminary report, emphasize the prac- 
tical importance of carrying on fumigation work solidly ovei as arge 
an area as possible. 


H. S. Smith: Were the scales experimented with yoinig neivh 
hatched larvae or older forms? 

Chairman H. J. Quayle : , They were newly hatched larva'. 

D. L. Crawford: Which is the most responsible for tlic spicat .. 
scale insects, wind, insects or birds? 

ChaikmanH.J. Quayle: Wind by far; birds and insects ui ■ 

small factors. ..ng 

Dr. E. G. Titus: I have found that the wind will can, . 

thrips at a height of 20 feet. 

E. L. Pbizer: Are birds and insects more likely to cai . 
bugs than wind? 
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Chairman H. J. Quayle: 
fliienccd by the wind. 


The mealy-bugs arc probably ,r„„c.i„. 


splead? V. preventing ,be 

■ CH.UKMAN H. J. Quayle: Yes, but they might have t„ be v.tv • 
h,gt, as red spiders have been caught on a tank tower 50 feet hiirh 
The next paper will be presented by Ur. L. P. Roekwood, 


SPOROTRICHUM GLOBULIFERUM SPEG. A 
ENEMY OF THE ALFALFA WEEVIL 


natural 


By L. P. Rockwood, U. S. Bureau of Eniamohy^, Form Crore, Oregou 

The parasitism of insects by the fungus known at present -is Smo 
irichnm globuliferum Spegazzini, although at one time seriously niies 
tioned and even denied by eminent mycologists, is now generally ac- 
knowledged. That this fungus is probably the most efficient natural 
enemy of the chinch bug, Blmm leucoplnm, under conditions favor- 
able for its growth and spread, is well known. However, very little 
(lata has appeared as to the occurrence of the fungus as a natural 
enemy of insects other than the chinch bug. We have long lists of 
insects of various orders recorded a,s furnishing a sub-stratum tor the 
growth of this fungus, but few or no observations of the fungus as a 
factor in the natural control of these insects. 

Tina fungus has come under my observation in connccfioii with 
various insect hosts both in the field and laboratory at various times 
(luring the past two yeans. Its relation to the alfalfa weevil. Hijpera 
imabilis (po.<<ticus) Hbst., in Utah in 1914, is dealt with brielly in this 
paper. 


Occurrence of the Fungus on the Alfalfa Weevil 

The fungus Sporotrichuni ylohuliferum Spog,, was first found on the 
alfalfa weevil near Salt Lake City, Utah, on iWarch 14. 1914. It was 
hf'quently met with and could easily be found on weevils and other in- 
sects under alfalfa plants from that time until May. 4Uis was a time 
considerable precipitation and the ground in alfalfa fields was moist 
lo wt most of the time. The time of greatest abuiidatico of the fungus 
April 21 to 29. At this time at least one weevil killed by the fun- 
^ could be found under almost every plant examined. On April 
this was particularly true. On this date 11 weevils killed by the 
ungus were found under one alfalfa plant covering an area of about 
^.^htare feet on a high bank outside tlie irrigated area, 
is o;irly mortality of weevils caused by Sporolrichuw ijlobuhjerum 
‘ tindouhtedly of considerable importance as the death of the adults 
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at this time, before and during oviposition, helps, to reduce thi’ dc. 
structive new generation of larvae. No other natural enemy ol 
importance was observed at this season. In the early spring, tiio op- 
timum conditions for the growth of the fungus are likely to be found in 
all the alfalfa field.s on the East Bench of old Lake Bonneville regard- 
less of the irrigation practice. The ground-frequenting habits of the 
weevils at this time, the season of mating on the ground undoi' tho 
early low growth of alfalfa, especially expose them to infection by fro- 
quent contact with the bodies of insects covered with the spores of the 
fungus. 

T^ater in the season when the spring rains have ceased, the fungu> 
seems to be restricted to fields which are generously inigated and havt' 
a heavy close stand of alfalfa. One such field was examined on .July 
29 and 28 w^eevils with a pure growth of Sporotrichum were picked up iiL 
a short time. Such mortality at this late date is of slight importance, 
however, as this is the time when the over-wintered adults are dying 
off naturally. Yet it is wortliy of note that this field for which a gen- 
erous water supply" was available and whicli was therefore lavishly 
irrigated has never been seriously’ injured by Ihe weevil; at least su 
the rancher informed me, and I was inclined to believe him as it nas 
certainly unusual for a Utah farmer to deny injury^ from the weevil. 
The fungus was observed in this field in abundance on heptemlier 10. 
Other imsects killed by the fungus, nnialfiy Sitones sp., were also abun- 
dant in this field. 

A spontaneous outbreak of the disease occurred among weevils of the 
new generation in a rearirig cage at the laboratmy about Novoiulier 
17 and caused a high mortality. Many weevils also died of the disease 
in an outdoor hibernation cage during the fall and early spring. 

The Fungus 

The fungus on Hypera variabiHs {podicus) Hbst. was determined 
Sporotrichum globulijerum Speg. by Dr. Flora W. Patterson, >Iyeol- 
ogist of the Bureau of Plant Industry, IT S. Dept, of Agriculture. 

The fungus. is probably distributed over all of the Americas and ha^ 
been recorded as found on the bodies of insects of several orders. 

The macroscopic appearance of the fungus on ■weevils vaiics \ut i 
the conditions under which the exterior growth of the tungu^ deu 
oped. Irf a confined dark cage with little or no ventilation, the 
usually completely envelops the weevils in a loose, fluffy, 
growth of fungus mycelium in the outer strands of which the siattc 
balls of spores arc developed, the balls being usually sepaiati'd 
each other by an appreciable riistance. Weevils partially 
moist locations in the debris under alfalfa plants in the field a 
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^how this fluffy, cottony growth which sometimes spreads our i 
rotting tiebris to an area of one half inch or more. Under Uie u a! !iV 1 1 
conditions or in well ventilated, well lighted cages the fumn. ' 
dense felted mass, usually confined to the eivtral 1 hoi-udc " ' |"V' 
doniiiud sutures, which arc often coinpletelv' outline, 1 l.v the'Lli'i 
bands of the fungus mycelium. Upon this short fcltcl grmvd, If 
niycolium, the balls of spores appear denselj- packed together o| I 

ipeoiiiicns of the fungus assume a well-defined eream color ' 

It was found by experimentation that the macroscopic aiipeai-incc 
of the fungus on weevils killed by mechanical or chemical means hidore 
esposure to the fungus presented a relatively different appearance from 
di.it on weevils killed by the fungus. In the case of weevils killed liefore 
infection, the fungus appeared as a very thin, long, loose, cotfonycover- 
ing, almost cloudy in appearance, nowhere localized in a thick mass 
.\lorcover, in all such cases, contamination of the ty[)ical fungii.s with’ 
the well known saprophytic fungi of the genera Penia'IUiim and Mneor 
mv.ni'iablj occurred under the somewhat septic conditions incident to 
the experiment. Weevils killed by the fuiigms alwav.s developed a 
inire dense growth of the typical fungus, and saprophytic fungi never 
developed upon them until after the parasitic fungus had niatured and 
disintegrated. W'eevils killed by tlie fungus are usually found hi a 
lifedike attitude with legs and antenna; extended as if death overlook 
them suddenly while on the move. 

L A R 0 RA TOR Y Ex T E RIM KX T8 

^o cultures of the fungus in artificial media were attempted. Spore 
wrmination studies by the hanging drop method in Van Tieghein cells 
tvere made for the purpose of gaining information for the better in- 
teipretation of dissections and Idood examinations. Tlio formation 
of the so-called “cylindcr-gonidia” of DeBaiy were thus studied and 
later identified iu the blood of infected weevils. 

‘''overal infection experiments with S. glohdiferum on //. variaUlis 
'■podicus) were carried on in tlie laboratory at different times, always 
'dth OiUlOO per cent mortality from the fungus. The infection cages 
varied from tightly closed tin tobacco boxes with ])ottom layers of 
•^oist sand garden loam on wdiich the weevils and their food were 
to open glass battery jars on the bottoms of wdiich was placed 
sand or garden loam to a dept h of one-half inch to three-fourths 
- the food and weevils being then introduced and the jars closed 
™ cheesecloth tops, thus allowdng tlie air free access to the interior 
c cage. These cages were moistened from time to time as they 

Comparative Morphologj^ and Biologv of the Fungi, Mycetozoa 
372 Oxford. 
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dried out, and fresh alfalfa was supplied as necessary. • All cagop were 
placed in a conservatory having two walls glassed in and connected 
with a room of the laboratory, thus insuring more light and circulation 
of air. than is ordinarily found indoors. All cages were disinfected 
l-)efore use by being washed in 20 per cent carbolic acid and rinsed in 
tap water. Infection was, with the exception of the first experiment . 
by introduction into the cages of insects showing well developed fruit, 
ing fungus. Alfalfa not eaten by weevils was allowed to accumulate as 
debris in the bottom of the cages. 


Experiment I 


March 23: Five weevils were infected by contact with a fungus-covered weevil in a 
moist chamber for 2 hours. They were then placed in .a battery jar cage partially 
filled with moist sand and alfalfa was introduced as food . 

Aprils: One weevil dead. 

April?: Second weevil dead. 

April 9: Third weevil dead. 

April 10; Fourth weevil dead. 

April 25: Fifth weevil dead. 

All developed a pure growth of Sporotrichuvi globulifentm within two to tlirw 
days of death. 

Experiment II 

I^larch 25; Thirteen weevils were placed in a small vial with a fimRUS-coveretl 
weevil and left in a moist chamber for 4 hours. The weevils were then placed in a 
tight tin tobacco box partially filled with moist sand. Alfalfa was placed in the cage 
as food. Later a weevil showing a good growth of fungus was placed in this cage 
under the alfalfa. 

March 30: Three weevils dead, 2 from fungous disease; 1 from unknown cause. 

April 3 : One more weevil dead . A living weevil which seemed to be ailing was dis- 
sected. The blood of the abdomen contained several fungus hyphie of various 
lengths. The blood of the thoracic region showed more numerous fungus hyphic 
and these were generally longer and further advanced than those in the abdomen. 
Incipient branching of the hyphre was observed in several cases. 
practicaUy identical with the ^‘cylinder-gonidia’’ observed in Van Ticgbem cell? 
were observed in the blood. 

April 6: Contents of cage were examined. Found 12 dead weevils. 

All developed typical fungus, except the weevil noted March 30 as dead from un- 
known cause. 


Experiment HI 


April 5: Twelve weevils were placed in a tobacco-box cage with 

specimen. Moist sand and alfalfa were used as in Experiment 11. . i,vlipncol* 

April 6 : One weevil dead of fungus. This weevil was probably m ec ei 


lected. 

April 8 and 11: One w^eevil was dissected on 


each date without finding 


fungus. 

April 15: All weevils dead. 

April 21 : All developed typical fungus except the two dissected. 
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Experiment IV 

A, nil 7: Twenty weevils were pkccd in a tobaeco-box cage as before wul, nu.is, 
saod' 

April 8; One weevil dead from unknown cause. One living weevil was disscOod 
l,ut no 

\pril 15 • Two weevils dead, 

April 16: An enfeebled weevil was dissected. The abdomen ,iud (liornv wore 
,vcll supplied with fungus hypha; varying from “cylinder-gonidia” to long, nuisid- 
erablv branched hyphic. 

April IS ; A dead weevil showing no exterior growth of fungus wa.s dissected. The 
hotly was found to be packed with a reddish-brown mass of fungus hypha\ 

April 20: All weevils dead but one. 

April 21; Last weevil dead. 

All not dissected develope<l typical fungus. 

Experiment V 

April 16: Fifty weevils were placed in glass batteiy-jar cage, the bottom of which 
ras covered with garden loam. The cage was infected placing in it 1 fungu.s- 
covered specimens. 

.\.pril 21 : Twenty-five more weevils placed in this cage. 

April 28: Weevils dying in nuinbens. 

May/: Aihveevilsdead. 

Experiment VI 

May S; Thirty weevils were placed in a battery-jar cage with garden loam a.s 
licforc. The cage was infected by the introduction of several fungus-covered spec- 
ial eits. 

May 18; All but 3 dead. 

May 20; All dead and all developed typical fungus. 

Experiment 'VII 

7: Twenty-tw'o weevils reared from pupa' about July 15 were placed in a 
luittery-jar cage with moist sand. Cage was infected by introducing several fuiigu.'^- 
{‘overed specimens, 

Aug. 20: Several weevils dead, 

Aug. 31; A few still alive. 

8ept. 18: Four weevils still alive. 

Oct. 13: Last weevil dead. 

.^11 developed typical fungus. 

Experiment VlII 

'■iept. 30; Fifty weevils collected from a ditch bank^ wore placed in a battery-jar 
fage with inoi.st garden loam ; infection brought about as in previous experiment . 

Oct. 14; Three dead. 

Oct 20: Many dead and showing fungus. 

4: Forty-live W'Cevils dead ot fungus, 4 weevils alive, 1 lo,st. 

^ov. 18 ; One weevil still alive. 

^ 20: Dissected the last living weevil Found a few scattering Sfwotrichum 

cylinder-gonidia’’ in the blood. Most of them were of irregular or indistinct out- 
as if undergoing cytolysk 

This cage contained 47 weevils dead and showed typical exterior growth ot ... 
1 weevil dead with body filled with the hyphie of tlie typical fungus 1 
with growth of Aspergillits sp., probably dead from some otlier cause. 
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Chec?: to Experiment VIII 

Sept. 30: Started cage of 50 weevils under exactly similar conditions to Expcji^ 
Vni except that no fungus was intentionally introduced. 

Nov. 25 : One dead of >S. globuUferum, 

Dec. 18: Eorty-five living weevils, 3 dead (2 of S. globuUferum), 1 lost, 1 killorl t,v < 
globuliferimvemoved. 

Note: No Bjiarotrichm appeared in this cage until 2 months after starting 
ment. 


Summary of Infection Experiments 

In the early experiments when tight, unventilated tin boxe.s 
used, complete mortality from tlie fungus disease occurred within two 
weeks, in the case of Experiments TI and III in 12 and 10 days rospei'- 
tivcly. Conditions were of course optimum for the growth of the 
fungas and very unnatural for the weevil. 

In the early battery-jar cage experiments under supposedly less 
favorable conditions for the growih and spread of the fungus, almost 
as good results were attained, the majority of the weevils dying of the 
disease within ten days to two weeks. In the case of l^xperiment VI. 
where the weevils were less crowded than in any experiment but Ex- 
periment I, all died in 12 days. In the case of Experiment I where 
conditions most closely approached those in the field in thi^ proportioij 
of the number of w'eevils to the area of the cage, a somewhat longer 
time was necessary to kill 3 of the 5 weevils, namely 17, 18 and 33 days 
respectively. The last weevil to die in this cage probably either es- 
caped or conquered the first infection which in this case was atteinptei] 
by a short exposure to the fungus spores followed by isolation in a clca]i 
cage. 

In the later experiments with weevils of the new generation, consid- 
erable resistance to the fungus developed. At this time a majority 
of the weevils were killed in 3 \veeks, but often several were able to 
survive for one or two months. Some of this difference in mortality 
between the two seasons may possibly be attributed to the fact thui 
the cages dried out faster in mid-summer and fall, so that often the 
sand or dirt in the cage became almost bone-dry before this condition 
was rectified by sprinkling the interior of the cages. However, div 
sections and blood examinations of some of the weevils from the^c 
cages indicated that some individual weevils were more or less inimime 
at this season. This immunity is deduced from the cytolytic phenom- 
ena observed in the blood of the weevil dissected under Experiment 
VIII. 

It may be of interest to note in this place that Hypera adults appetj* 
to be rather resistant to the well-known entomogenous fungu^ - ^ 
arrkizium anisopliw Sorokin. Laboratory attempts to infect 
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^vitl, this fungus obtained from Ekterid larva; from lln.-,.rst„«„ \l i 
tliroiigh the courtesy of Mr. J. A. Hysiop of the Ih s. liiireaii of i ' ' 
toiiiology, showed less than 50 per cent mortalitv frmi) f|,'is 
after nearly three months’ exposure to the fungus under eoudili 
exaedy similar to those of the Sporotrichum experinient.s ' 

it took almost a month to kill the fii'st two weevils fry iiuuns ,7lliis 
fungus. 

■ Conclusion^ 

The entomogenous fungus, SporoiricliuNi globullferum de- 

velops spontaneously as an infectious disease of tin; alfalfa weevil 
Hifpera variahilis (posticus) on the bench lands of the Suit Lake Valiev 
in the early spring. Infection experiments show the weevil to be veiw 
susceptible to fungus infection at this season, a complete mortalitv 
from the fungus being secured in brooding cages in usuallv hvo wf'eks’ 
time. The ground-frequenting habits of the alfalfa weevil at this 
season render it particularly liable to infection from contact witli 
fungus-covered insects. 

The new generation of weevils is less susceptible to the fujigiis during 
the periods of a?stivation and hibernation in tlie summer and fall. 
Moreover favorable conditions for the growth and spread of the fungus 
are unlikely to occur in Utah at this time. 

The period of greatest mortality from the fungus disease, coinciding 
:isit does with a period of great potential injury from the pest, namely, 
the oviposition period, makes the fungus worthy of record as a natural 
enctny of the alfalfa weevil. 

II. 8. Smith; Does the fungous disease attack only flic adult 
weevils? 

L. P. Houicwoon: The lurv® and ])upm are also altackiul but 
hecause they are usually on tlic loaves and tops and not on the damp 
ground they seldom become infected. 

pR. K. G. Titus: There are about 30 hosts attacked by this 
fungus, but in no ease has it been noticed to be of economic iiriportancc 
though under observation since 1910. 

Ih 8. 8 mith : There is a fungus which works very effoefively on the 
alfalfa weevil in Italy, attacking the larvae. 

P. Rockwood: Sporoirickum is very widely distributed and is 
of more importance than it is usually credited with, 
flHAiRMAN H. J. Quayle: The next paper by IMr. Asa Maxson 
«ill be j'cad by the secretary. 
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SOME UNPUBLISHED NOTES ON PEMPHIGUS BET^ 
DOANE 

Bv Asa C. Maxson, In charge of Insect Investigations for the Great S>ji^qr 

Company, Longjnont, Colo. 

In April, 1912, the writer began a study of the life-history ami habits 
of the sugar beet root-louse, P. beta'. Doanc, in cooperation with the 
Colorado Experiment Station. The wmrk was done at Longmont, 
Colo., the funds being furnished by the Great Western Sugar Company 
in whose employ the writer has been since 1910. 

While the main facts in connection with the life-history of this 
insect have been given by Gillette and Bragg, Journal of Economic 
Entomology, voh 8, no. 1, p. 97, there still remain a number of un- 
published observations which have a bearing upon the life-history 
and habits as well as the control of this pest. 

Hibernation of Apterous Form 

In order to ascertain to what extent the apterous lice live over from 
season to season in the soil of old beet fields, three fields were examined 
during the second week of April. At this time the spring field work 
had not begun and no weeds had started in the fields. The examina- 
tion w^as made by digging holes about 10 inches in diameter and from 
8 to to inches deep. The soil from these holes was carefully examined 

by crumbling it with the fingers. 

In field No. 1, which had grown sugar beets continually for al least 
fi years, holes were dug at both ends and in the centre. Of the 101 
holes dug in this field the soil from 52 per cent yielded living rootdice. 
The east end of the field is higher and drier than the west end. 
per cent of the diggings in this part of the field yielded living lice while 
but 25 per cent of those at the west end produced lice. In the centre 
section of the field 55 per cent of the diggings produced lice. 

Field No. 2 grew its first crop of sugar beets in 1911, the previous 
crop being alfalfa. The soil from 56 per cent of the holes dug m 

field yielded living lice. • , . „ • „ ..nn 

Field No. 3 grew its first crop of beets in 1911, also, following 
of barley. In the soil from 76 per cent of the holes dug m this e 
living lice were found. 

Hibernating Eice AS A Source OF Crop Infestation 

In the determining of this point three cages 8 x 3 x ^ 
of a light frame work covered with muslin, were used, i J 
were placed at the east end of field No. 1. They were placed 
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end and about 8 feet apart. A board 1 x 12 inches (ojrned (he base „f 
the cages and this was sunk into the ground to a depth of 10 ineli." 
Itec cages were put in place May 8 at which time the youn.. si,.,,',! 
,i,(,tl,crs on the cotton-woods were in the fust and .second iiis|-,r< 
(Sect seed was planted in cage No, 1 and in the spaces I.etween nie ' 
cages on this date. Seed was planted in cages Nos, 2 ajtd :i, June -t 
and 27, respectively. After the seed was planted in the cages they 
were not opened until the migration of lice from the cottonwood trees 
was practically over when the weeds were pulled and the lieels irri- 
gatttl. 

Soptembftr 28 the beets in the cages and in tlie spaces )>etween tboni 
were dug ami a careful examination made for rootdicc. It was found 
that the beets in cage No 1, the earliest planted one, were all infested. 
Those in cage No. 2 were infested but to marked degree less than those 
ill cage No, 1. The beets in cage No. 3 were entirely free of lice. All 
beets in the spaces between the cages were infested, also. 

Host Plants 

Our knowledge of the apterous forms of the vaiious .species of the 
pm Pemphigus is so limited that it would hardly be safe to say that 
all root forms of this genus represent any particular species. For tbi.s 
reason in discussing the host plants it should be remembered that some 
of them may not be hosts of P. Mcr since a determination of the ap- 
tpraus lice is not possible. 

The perennial plants which have been foviml to Ik' hosts of Pevi- 
sp. are of especial interest because of the fact that they play a 
double role in the life-cycle of these in.sects. The following perennials 
were found to'bc hosts of Fevij)higuH sp.: Yarrow, Achilkn sp.; wild 
m.uliijlora; Solidogo sp.; sp. ; .tyropj/roa sp. ; and Poly- 
mum (irmlare. 

Sinmner colonies wore found on the roots of wlbw/a, 

garden beets, sugar beets, and Cycfofoma atrip! id folia in. Pemphigus 
, ^p. havc-beou reported on carrots and sweet clover as well as alfalfa; 
liowever, the writer has never been able to verify thc,se reports. X 
very close examination of many alfalfa fields, while the alfalfa was 
plowed up, has never revealed a single Femphigian on the roots, 
bice of this genus have been repeatedly taken on turnips in the south. 

brFECTs OF Lice on Sugau Content and Yield of Sugar Feets 
Hotii r.ho standpoint of the sugar manufacturer this is a very vital 
The reduction of the per cent of sugar in the beets not only 
’Educes the quantity of sugar which can be made from a given acreage 
^'bifh means a smaller year’s profit for the manufacturer but also 
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makes the manufacture of sugar at a profit impossible if th.* sugar 
per cent drops below a certain level. 

In order to ascertain the effect of the beet root-louse upon liie per- 
centage of sugar in the beets a series of 61 five-beet samples was taken 
during the second week of September 1912. All of these samples 
came from an area not to exceed 20 square rods in extent. Ihu ty-one 
of these samples were made up of beets free or nearly free of root-lice, 
the remaining thirty being made up of beets which were infested but 
not to a degree sufficient to effect their appearance. The uninfested 
samples averaged 14.62 per cent sugar. ^ The lowest sample te.?ted 
12.9 per cent and the highest 15.3. The infested samples tested 13.85 
per cent as an average and ranged from 11.7 per cent to 15.7. The 
difference in favor of the uninfested samples was 0.77 of 1 per cent in 
sugar content and 2.11 per cent in apparent purity. 

Again in 1914 ^ similar test was made. This time 40 samples were 
taken, 20 infested and 20 uninfested. The former averaged 13.12 
per cent sugar, the individual per cents ranging from 11.2 to 16.9 per 
cent. The latter averaged 14.06 per cent with a range of from 12.2 
to 16.8 per cent sugar. Of the infested samples but one was aho\e 
14.4 per cent while of the uninfested there were 6 above this point. 
The uninfested samples averaged 0.94 of 1 per cent higher than the 

infested. , 

In weight the infested samples averaged 4.98 lbs. * The heaviest 

sample weighed 6.5 lbs. and the lightest 3.5 lbs. The average 
of the uninfested samples was 6.7 lbs. The heaviest weighed J te. 
and the lightest 5.5 lbs. It is a well-known fact that among beeb 
grown under the same conditions the large ones average low m per 
cent sugar than the small ones. This being the case small m ede^ 
beets should have contained a higher per cent of sugar than the a g 
uninfested ones had not the effect of the lice been the cause of t 
lower weight as well as sugar content. Figuring from the “ ' 

assuming that we have a perfect stand of beets which woulilinc^a 
beet every foot in the row and the rows 20 inches apart o'^2b,0 
per acre the lice reduced the yield 4.55 tons per acre. ’ jj, 

more than 50 per cent of the beets of a field could saf ely be 
infested to this degree in the average. This would iiman i. 
really was not far from 2.25 tons per acre as a result of the ^ ^ 

At an average price of $5.80 per ton this means a direct lo^^ 
to the grower, without taking into consideration the loss 
cent. 

Control Measures 

It has been shown by J. R. Parker, of the Montam 
Station, that irrigating at the time the spring migran .. 
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louse are leaving the galls on the leaves of the narr ^ 1 
„. 00 (l frees has a very marked effect on the number nf'li’ 
at harvest time. The writer has observed tChel h "" ' ^ 

plots used m determining the relative effects of cai lv an, I hT*’""" 
of beets. In all cases the plots irrigated during kite .1 m,!'’]'.!'"'',""" 
.auch freer of root-hce at harvest than those irrigated 'the fme, 

Rotation of crops appear to have rro effect upon the ,logr,.c of in 
fection. In fact many times the first beet crop on aifalft , ! 
land IS more seriously damaged by rootdiee than any other.' 

Natural Checks 

While in the galls the lice are preyed upon by a capsid and the 
arvic of a syrphus fly. In the soil many lice are destroyed by e 
fungous disease, Empum aphidis. The larva of the syrphus fly S 
vauxiUus was taken feeding in a colony on a beet root The flocslnt 
larv. of the little lady-beetle, Scy,nn„s coUari., has been imi^t 
numbers among the root-lice in the field. The larvm of Hippodanria 
mmwgem has been taken feeding upon the root-lice where the soil 
was cracked about the beet. In California the larva, of Scymnm 
apimailvs is known to feed upon the beet root-louse. 


, Life-Cycle 

Ihe writer has succeeded in following tfie life-cycle from the gall to 
he gall in the inseetary. Spring migrants of Pemphigus halsamijenv. 
Williams have been taken fi>om the galls and colonized on sugar beets 
H'hich were grown from seed in sterilized soil and in muslin-covered 
cages. The sexual forms have been .secured on twigs of the narrow- 
ealed cottonwood tree, Popuhs angustifolue on the leaves of which 
ree t e galls appear. These twigs were placed in the cages. This 
was done in 1914. The sexuals mated normally and the females 
piocuced eggs on the twigs mentioned. In the spring of 1915 the 
eggs produced larvae which were placed on a seedling narrow-leaf cot- 
oiiAood. These larvae located on the upper side of the leaves just 
le uds began to open and thei’e formed the typical P. halsamifene 
^ s- The migrants from these galls proved to be without doubt P. 
mmmifercc. 


Synonomy 

In 1900 Professoi* Doane described the beet root-louse from the root 
m m mlletin No. 42, of the Washington State Agricultural College, 
Pemphigus h€t(v. In the late Thomas Albert Wil- 
thed Nebraska” which was published in 1910 we have 

^'’(‘iiptjon of the spring forms and the galls. This form Air. Wil- 



504 


JOURNAL OF ECONOMIC ENTOMOLOGY 


[Vol. 9 


liams gave the name Pemphigus halsamiferos. Professor Doane’s 
name having the priority^ Williams' P. halsamiferce must be consirkn’ed 
as a synonym of P. betoe. 


Lice Liable to be Confused with P. betjE 

In some collections the spring forms of P. het(B are labeled P. p-ce)t(t 
Fitch. The gall of P, betce differs from that of P. p-vence as described 
by Dr. Fitch by being on the under side of the leaf opening above while 
Dr. Fitch clearly states that the gall of P. p-vencp, is on the upper side 
of the leaf opening below. 

Many times there occur on the leaves of the same tree and the same 
leaf with the galls of P. betce the galls of what the writer is considering 
P. p-globuli Fitch. These galls are on the upper side of the leaf at 
the base of the leaf. They are nearly circular in cross section while the 
galls of P. beicB are eliptical or narrowly oval in cross section. The 
alate lice from these galls differ in the number of secondary sensoria 
on joint VI of the antenn*. P. hetce has no sensoria on VI or at best 
very short oval sensoria which are not raised above the surface of the 
joint and not as long as the diameter of it. Joint VI of P. p* 
globuli has several annular sensoria. While P. hetce from the gail? 
has always taken to the beet in the cages the migrants of P. p-f/Zoki/if 
have u informally refused to colonize on the beet roots. 


Range of P. bet.e 

No report of the occurrence of P. hetre has been recorded from any 
locality east of western Kansas and Nebraska. The writer has col- 
lected Pemphigus sp. in most of the states west of the Mississippi but 
has never taken P. betce either on sugar beets or on any Popniiis sp. 
east of the points mentioned. The range of the narrow-leafed cotton- 
wood, Populus angustijolicej is given as from North Dakota to A^asl^ 
ington and from New Mexico to California. It is probable that a better 
knowledge of the locations where these trees occur and beets are not 
grown in large acreages would reveal the fact that this insect’s range 
extends as far east as that of the host tree. 

In Colorado the number of narrow-leafed trees rapidly diminishes as 
we go eastward from the mountains. 

There is a possibility that further study will show that some othcJ 
of the Pemphigus sp. occur on the beet during the summer. 1 ho oiih 
species which the writer has not used in cage experiments is P 
ramulorum Riley. With the exception of P. balsamifero! all ^pecie^ 
have repeatedly refused to take to beets. 

Chairman H. J. Quayle: This concludes the papers and the 
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meeting. The first eonvention has been smisfaetoiv ami „.ell w„vtli 
^-hile. All members should work for the parent branclr This new 
organization means much not realized before, inehiding the Jonix u 
Of Economic Entomology, the opportunity to prosenr papers and bi, 
meet other workers in this important field of scientifi,. work. 

The convention is adjourned. 

The following paper was received too late for the nieeling ami is 
presented for publication in the proceedings for wliieli ii wa.s inlemled. 


bucculatrix thurberiella, a pest of cotton in 

THE IMPERIAL VALLEY' 

By K. A. McGkegok, Bureau of Entomology, C. S. Ikporlim hl of AgricuKurv 

Oil the first of June of the present year a speiaos of tim'id larva 
ffas found devouring the loaves of cotton in certain fii'lds mair KI 
Coiitro in the Imperial Valley of California. Heaivd atiults were 
determined by Mr. W. D. Pierce of the l^uiean of l-intoniology as 
Bnccukiinx thnrberieUa Busek. a species which was collected in tlm 
.summer of 1913 by Air. Pierce on wild codon (Thurheria iJusifHmouks) 
nt various points in Arizona. 

Deschiptiox 

Adult.- J^iisck’s dcscnplion- of the adult is as follow.'^; ‘'Face tuft, head and 
thorax white, Antenntc white with dark fuscous annulation,^. Forewin^s white; 
extreme costal edge blackish; an outwardly black streak lieyond tJic niirldle of costa 
is continued as a very fine, easily lost line across the wing to a group of black scales 
below ape.x. where the cilia is also dotted xvith black; a few easily lost black sraks on 
basal third of dorsum and a group of black scales on the middle o: dorsum i.s fol- 
lowed by soattered light brown scales. The apic.'il part of the wing above the oblipue 
costal streak is dusted with brown and black scales, t’ilia ochrcoiis white. Hind 
TOtgand cilia ochreous xvhite. Legs while on the inner side, black exteriorly; tar.si 
black with narrow white annulations. Alar expanse 7 to S niiu. ” 
hAKVA.- -Concerning the larva BiisiL merely states that it "i.s dirty wiiite, rough 
^kiimcd, with prominent vdittc tubercles and with two dorsal row.s of idack dots, one 
® each segment, Head liglrt ochreous with black eye.spots ami rcddi.sh-brown mouth 
parts.” 

B life the larva is rather of a greenish-amber color, b-acli segment, viewr'd dor- 
exhibits the following characteristics; a pair of large l)lack spots at the anterior 
^'^argiti; a transverse row of G whitish tubercles situate 1 just behind the black .<poi.s 
‘ffld extending from side to side; a second transverse row of similar tulaaidcs miihvay 
^dween (Ik* former and the hind margin — all tubercles giving rise to a .diort luistlc. 
%bth segment from the heatl nearly ob-seured by a dusky area. Ihoracic legs 
darkish. Head light ochreous with black evespots tmd postcam-dorsal area of 
Hv color. 

Published by permission of the Chief of (he V. Ihireau of Fn([)moh.>g\. 

' Proc. Frit. Soc. of Wash., vol. XVI, no. 1 ,, March 1911, p. 3il 
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Economic Importance 

Durins the present (1916) season Bucculatrix thurberidla^ loon 
one of the few major pests of cotton in the Imperial VaUey^ (.ine 
hundred cotton leaves were gathered on June 2 from a field heavily 
infested with this species, and the infestation was computed as folloivs; 

, , ,, 100 

Leaves (total; 22 

Leaves free ^ 

Leaves supporting larvae^ - 

Leaves supporting pupa?' 

Leaves showing work 

Percentage' infestation 

Subsequent to the above date infestation reached an even higher 
dearee but by the first of July was somewhat checked by the work of 
narasites The Bucculatrix larva;, however, attained the ascendancy 
again about the first of August and at the present date (August 8) 
are probably the most abundant that they have been at any time dur- 
ing L season. In some fields not a leaf is free from the work etc 
snecies Table I presents the results from the exam nation of 20 
Laves picked at random about a field at K1 Centro, California. 

T«rE I. OP Sr.op.o op U.pvps 


12 1 13 14.1,5 10 ! 17 18 119i20iAvetaK. 


leaf 

No. larvEP on leaf . 


13 

76 

12 ' 

; 

8|15 

20 

16 ; 18 

38; 12 

20 

A. 

5 

7 

IH 28 1 20 

1 

2i 

4 

4 

li 

1 *{ 
i 

eU 

i ^ 

12-4 

5 ; 13 


7 ! 3 

6 

5 

4 16j 4 



3 

2| 2 

1 

j 2! 2 

L 3 

i 3 

i ol 0 

1 i 

i ^ 

0 

.3 3! 1 

1 ^ 

1 ^ ' 

1 i 


The ueThiLtoLtaL^^ at El Centro, Imperial, Biawley 

demonstrates that it occurs in every cultivated pat t of t I , 

The tineid caterpillar may be found in virtually every 

but it appears to thrive best on ,,^olunteenng'- 

stunted and non-vigorous. A 5-aore field o c , 

from last season’s roots which had received no sm 

,ence of a rain in March, was early seen to be very 

A small plot of seedling cotton (see PI. 36 fig. D. growmg 

of tall eucalyptus trees, remained stunted for ^ ^ , 

became very heavily .infested Tall cotton 

PI 36 fie 2) but IB better able to withstand the 

Sta ptei ...... ‘1- “,1! 

foliage being riddled and perforated, often, until little m 
I Also showing damage. 
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5 „a oi.idermis remain (PL 37, fig. 4). Small, ill-no«ri,,l„vl p|.,.,t. 
„sual!v killed, while larger plants are often severely iiijiiroii i Vc-isj,',,, 
jy larviE feed upon the calyx and involvicral Inaits whiel, ,v',,i|s 
usually in the shedding of the fomi. On account of the thickly honi'v- 
fombed nature of tho leaf lesions, which is .so l■h.‘lral■te|■i,<(ie of 
Kacciilatrix-infested cotton, we propose as a common ruune for thi.s 
Specie?! the “cotton leaf-perforator.” 

Life-History 

The VAiQ—Thc egg is veiy small, beitvg baroly discernible to the naked eye It is 
projectile-shaped, pale straw-color, with about tm. longitudinal ridges and inter- 
vening grooves, giving it a strongly fluted appearance, In addition a retieu- 
late system of smoky-colored mottlings decorate the, siiiiarc. 'the cgg 'i.s placed 
upright on the leaf, standing on its largest end. Xo preference seems to he .shown in 
ovipositing as between the top and under sides of the leaf. Since wc have Ix-en un- 
able to induce egg-laying under control, it is iinpos.sih]e lo present data as to the 
duration of the incubation period. Eggs in out-of-door locations on a few occasion.^ 
have been observed 24 hours prior, to hatching which indicate? that the period is .some- 
what in excess of that interval 

The UnvA.— First Instar.—Upon hatching the larva bores into the leaf directly 
at the, point of attachment of the egg and begins to tunnel. The mine, Vu^ nearer 
die upper surface than the lower, and progresse.? tortuously, ever widening in ealiln-e. 
The average total length of the tunnel, as determined from a measured series, is about 
I'iic inch. When this instar is about completed an exit hole is cut through the upixT 
rpidermiS; and the larva dese.rts for all lime the inner tissue. Fpon coining to the 
exterior the first instar individual occasionally feeds for a brief peidod on the upper 
kif tissue. The time required for the completion of this instar is alfout three days. 

When the feeding activities of this stage are finished the larva weaves a tiny cir- 
cular wd) over some slight depression on the under side of the leaf into which it rc- 
liairs for the first molt. The initial molting web consists of two falirics, first a '“fly'’ 
w'i'b of loose texture is woven and under this i.s spun the more, compact fabric. A 
socicwhat concealed aperture is left through wliich the individual makes its exit 
after molting. A large sei'ie.s of these priinaiy molting web.s averaged ‘ is inch in 
fliameter. The molting period covers about twenty-four hours. 

■Second Instar. — Upon the appearance on the leaf of the .second larval instar, fcwl- 
ii'Sat once begins. This may take place on either the upper or the under surface. 
'Hie leaf tissue is devoured only to the opposite epidermis, but the remaining tis-sue 
collapses, thus forming irregular-shaped lesions (see, PI. 315, fig. 2). After 
i'Iwut I'l days at El Centro, the larva select.^ a concavity, nonnally on the under sur- 
bce between two large veins, and spins the second molting cocoon, These arc siinilar 
to the primary cocoons but are larger, averaging about’ ,j 5 inch in diameter. The 
lie.s in a looped position— head to tail. The quiescent period is determined 

hum our data to be 1,1 days. 

Third Instar, — At the conclusion of the second molt the larva of the third instar 
and at once begins to feed in a manner similar to individuals of the second 
'••dar. This is the most aggressive stage and the one causing the greatest amount of 
to the cotton leaf. As a rule, not more than two or three larvae occur on a 
leaf, imt occasionally as many as a half dozen have been seen. The last act 
individual, after the completion of the pupal cocoon, is the 
’’ ® 'iiog (,[ the larval akin which occupies a position within the cocoon just iiehiiK 
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the posterior end of the chrysallis. Just prior to pupation the color of the iisrttuie 
larva undergoes a change from the olive-green of the active condition to a moky, 
drab which is apparently indicative of maturity. The third instar at El ( onlro 
required during midsummer about 1.9 days for completion 


The Pupa 


The pupal cocoon may l>e placed in one of several locations. It 
occasionally seen at some point on a leaf; it is often formed on tlu' loaf 
petioles; but most frequently it is placed at some point along the main 
or lateral sterns (see PL 36, figs. 1 and 3). Just before making Ihe 
cocoon a series of stout, upright bristles is placed in a graceful cllip^o 
so as finally to surround the cocoon. Tliese closely set stalks form .a 
stockade and arc intended, probably, as a protection against ]>rodii- 
tory species- 

Table II presents the data concerning the occurrence and distribu- 
lion of the Bucculatrix pupse on 32 closely scrutinized plants. These 
plants were pulled at random from a heavily infested field which aver- 
aged 16 inches in height. The examination was made Augu.si S. and 
the results contained in the following table also afford a very goofl idea 
of the degree of infestation at that time. 


Taiii.?: II. OCCL'RRENCE OF PuPiL CocouNs OF Hucrulairi^ ihurhriella ox Plants 


Plant No. 

: '1 M liiM 1 MM 

\ 3 3 4 .1 fi'7 10 11 12 13 14 loUfi; 

i ! M : : ‘ III 

M i ! 1 ! i ■ ! i ^ 

Tht'IlOrlO 3l’32i23 21 i-': iS 31 :'>C‘:il 33 .Uer 

M 1 ■ M 1 ' ' i 

Cocoon.s nil . . . 

11 ■ !■'- i M 

loj'ilu: 1! ■!. cj 7: 7j ; ( 4; 4] 

'MM M ’ ' 

( 11 lOj 4:ica2; 71 o' o; X 33 (; 7 !■ 7 V 7 .n 

Cocoon.s on petioles 

3 llOl 2 1 O O'lid: 1; l' o' C; 0 0! (li 

0 3. i: 0: 3‘ 1| 0 lifli 0 f ^ 0 0 1 i; 

Cocoons on leaves. . 

0 0^ 0 1 ol’Mif): (ll 0: O' 0 0 L 1 

0 o' 3 3 ! 3' 3; 1 0^ 0 0- 3 0 1 0 U - 

Total 

7 0 n;Cs;-i| oi 7 p 5 5 

f 14 14 7:lo:lfi H o| s 32 id S' H ^ l 


In constructing tlie cocoon each end is woven to a point iieai thr 
middle, whereupon the larva withdraws into one half of the (’ocw)ii 
and deftly spins a few tic-fibrils between the ends of the opposed mn- 
ings; the gap is then entirely closed with a mesh of cross-fibrils. Horn 
the pupal records of a large series of bred individuals we find that the 
average duration of the pupal peu iod for June and July at k.l t 
is 5.7 days. The development of the cotton leaf-perforator ni*i> 
summarized, then, as foliow's: 

Days 


Kgg stage 

Leaf-mining stage 

First molt 

Second larval ihstar 

Second molt 

Third larval instar . 
Pupal period ...... 


1 (plu> 
3 
1 

1.0 

l.l 

1.9 

5.7 


Total, . 


15.2 



Ocfol)'‘i'i 
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It i. very likely that under the most favorable con.lili,,,.. , 
plefion of one generation requires little in excess of two week. 




iH' I'lilli- 


Parasitism 


At least two species of clialcidid flies have been bri-d fr„n, , I, u 
latiix pup®. Twenty cocoons were collected in the tlrl,i i 
last of June and kept under observation in the Inlioi-iton ' oi'm ’ 

16 gave issue to parasites, thus yielding a computed' pa, adlim/ .f's,; 
per cent. Many larva, of the first instar were also ludli.. | i|| | 
lime hy a parasite which attacks them while in the leaf'mim'' ^ 1 ' 
though we have obseiwmd a high mortality among individual.", f ^ 
mining stage, we have been niiablc to breed pei-feci a,l„|i, f,,,,,, 
iiialcrial. During August, again, the parasitism „f the eoli,,,] le-if' 
liei-forator became heavy. Xo s])ecific determinaiions of the ,s 

hfivc yot been made. ’ ‘ ^ 


ORirnx OF Pest 

The question lia.s arisen in the writer's mind whether Thurl,eria 
cotton (Gossypiura) is the original native host of Bnmdalyir IhurbvrB 
ilia. Domestic and wild cotton were planted in the garden of the 
Ihireau’s station at K1 Centro and germinated at I he saimMime. TTm. * 
plants of the two malvaeeous genera, of the s.ame age and condition’ 
wre present side liy side at the time of the appeai-ance of tlie cott.ni 
bb|iorforafor. It seems significant that the Co,.syi)iimi phiiits early 
lifcaine lieavily infested, while the Thurberia plant,? (growing immedi- 
ately adjacent) remained entirely free for weeks. F,irtliermoi-e. as 
previously stated, no cottnii field in the valley has been found free fi-om 
tlic liiKTulatrix during June, July and August, whieh condition is also 

li’Thurboria is the mitivo liost of the tiiieid p(‘st oiu* would nuturally 
wp«'t to find this plant ocoiiri'in^ in its usual mountaiiious ('iiviron- 
JiKuit bordermg the Valley, t^itice the prevailiji^ win<h at the time 
tlie fii'st appearance of the insect arc from the wc.-t. il would he 
natural to suppose that the migrating individuals originally c;inic from 
(‘ottoii occurring in the mountains bordering the Valley mi th(‘ 
provided Thurberia is the native host of the species. 'W'itli 
diis possibility in view several trips have been taken into the iiioufit;iins 
Mimitionodj and a very careful search conducted in an effort lo 
the occurrence there of wild cotton. Many fa\'ora]>](> jilaecs 
I'^Misited at elevations between 2,000 and 4,000 feet, hut no trace 
Tnirhcria could be found. In addition, botanists haw not rr- 
the species from any California point. 

^ ’iiialiy, one point in the biology of the Bueculatrix sjaicics is very 
Sguti^c. We have reference to the stockade of hiistles which are 
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always placed by the mature larva around the cocoon site. To 
finest imaginable detail these bristles exactly simulate the hirstiio 
pubescence to be found on the stems and petioles of most cultiv.ii, 
cotton varieties. In length, color, general shape and even in the b;)]-- 
bellate cliaracter of the hairs the similarity is complete. On the oi ijer 
hand, the Thurberia plant is of an almost glabrous nature, and tlio 
sparse pubescence which at times is found on the stems bears no sijni- 
larity to the stockade bristles of the Bucculatrix cocoon. If, as they 
doubtless are, these protective hairs are intended to imitate the pulv 
escence of the native host, the Thurberia plant— by this test- should 
at once be eliminated. 

From the foregoing arguments it seems very probable that tlic 
Bucculatrix under discussion was originally a native pest of Gossypiuni 
species. If this is true it follows that the insect has found its way to 
the United States from the ancient cotton-growing areas of Mexico 
and from the insular and maritime regions of tropical America to whicli 
cotton is indigenous. In this respect is would constitute a case some- 
what parallel to that of the cotton leaf worm (Alabama argillacea). 

Explanation of Plates ;^6 and 37 

Fig. 1. Severe infestation of Bucadalrix ihurberielld on young, backward coUoti. 
(Cocoons on stems indicated by arrows.) 

Fig. 2. Perforating effect of the pest on the ajhcal foliage of tall cotton. 

Fig. 3. Pupal cocoon of Bucculatnx thurberiella on stem of cotton plant. XlO. 

Fig. 4. lo-inch cotton plant showing perforations and dessication resulting from 
tbe work of larvae of Buccidalriz thurberiella. 

Fig. 5. A lO-inch seedling cotton plant which has been severely injured and 
retarded by the presence of Bucculatrix larvae. 


The Hyperparasitic Chalcidoid Plamdium on Aphides. October 13, 1915. the 
writer collecte<l a male specimen of Aphis pomi DeO. on an apple tree, in the 
orchard of the Virginia Agricultural Experiment Station, Blacksburg. The speci- 
men was found to possess what appeared to be a supernumerary apiicndagc in the 
form of a cone-shaped, segmented body or structure which arose from the liead, at 
the base of one of the antenna'. On the supposition that this body might he n 
parasite, the si^ecimen was sent to Prof. Roland Tliaxter of Harvard University, al- 
though it did not appear to be of a fungous nature, for examination, with the veque:- 
that he forward it to Prof. W. M Wheeler of Bussey Institution, Forest Hills, 
with whom the writer had had some correspondence regarding the signiticam-e 
the body, in case he did not find it to be a fungous parasite. The specimen wiis m* 
warded by Professor Thaxter to Dr. Wheeler who identified the body as the - 
larval stage, or planidiuni, of a Chalcidoid hymenopteron, the , 

was discovered by him on ant larv* in Texas. (See Bui. Am. Mus.^at. e-, 

23, Art. 1, 1907; also “The Chalcidoid Genus Perilampus, etc,, by Harn - > 

Tech. Ser, No. 19, Ft. IV., U. S. Dept, of Agr., 1912.) 

The occurrence of such larvm on Aphides seems not to have been repor c( 

M. T. Smulyan, Virginia Agricultural Experi?nenl . ■iition 
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ll is a pleasure to record the completion of the ‘‘Index to American 
Hcoiioniic Entomology, '' covering the important literaturo from Jan- 
iiarv 1, 1905, to December 31, 1914, so far as the jireparatioii of the 
iiiiUiiiscript is concerned. The compiler, Dr. Xathan Banks of the 
riiitcd States Bureau of Entomology, is to be congratulated upon 
having finished his part of the work, an undertaking which makes all 
(‘caiioinic entomologists his debtors. Thanks are due Dr. L, 0. Howard, 
diicf of the Bureau, for detailing the assistance necessary for the 
I'l'diitpl completion of this work. 

The “Index'’ contains over 25,000 references, a striking testimony 
bH'iitomological industry during the decade covered by the publication, 
''‘'iiie idea of what this means is indicated by the approximately 500 
idercitces to Aspidiotus perniciosus, 400 to Carpocapsa })onwneUa, 350 
Anthonomiis ;}randis, 200 each to Enproc//$‘ chrysorrhm, Porihelrui 
'h.^pdrand Mnsca domeslico; 175 to ConoiracheJus nenuphar; 100 each 
ihiiothi.i obsolda, Hemerocampa kucodigma, Leptinoiarsa duo- 
■a.vnJineata^ Mayetiola dedrudor ainl others. 

Many familiar names are followed by fifty or sixty references vvhiic 
of others, some decidedly unfamiliar, are accoinpaniecl by a fe\\ 
a dozen citations culled from every imaginable publication. It is 
Huideto the latest and best in economic literature and is iiidispensible 
woi ker who would keep abreast of the times. 
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Obituary 

GEORGE B. XING 

George B. King was born in Lowell in 1848 and died July 24, IDiij 
at Lawrence, Mass. He was of Scotch descent and, though luiviu^ 
only such an education as could be obtained in the public schools of lib 
native city, his interest in* nature was so great that, unaided, he bjok 
up and mastered many subjects of higher grade. For a time he'was :i 
painter by trade, but during tlie last thirty years of his life was janitor 
of the Court House at Lawrence. 

His first interest in nature took the form of collecting and studying 
Indian relies. Later he turned to .entomology and finally restricted 
his attention to the study of scale insects. Finding it necessary to 
this work he took up and mastered several foreign languages, and 
established a wide correspondence with other students of scale ill^e(‘t.' 
both in this country and abroad. His enthusiasm was great and he 
often worked at his office until very late at night, his hope being to 
prepare a book on scale insects for publication. Unfortunately lii> 
death prevented the preparation of more than a few pages of this woik. 

He left a widow and five children. His collections have been pur- 
chased by the Massachusetts Agricultural College. H. T. F. 


TWENTY-NINTH ANNUAL MEETING OF THE AMERICAN 
ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 

The twenty-ninth annual meeting of the American Association of Economic Kui^- 
mologists will be held in Xew York City, December 28 to Dceeinber 30 
the presidency of J)r.. C. Gordon Hewitt. The session will open on J hursday, JJ.- 
cember 2S, at 10 a. in., and will be continued during tlw aftornoon of that da>. -U 
S p. m., the meeting of the Section on Apiary Inspection will be ^ 

December 29, 10 a. m., the session of the general Association will be laid. u a 1 1 
noon and cveninR of tl.at day will bo. dovotod to meotinfts of Iho .section o,. Ho. - 
cultiiral Inspection. On Saturday, December 30, Uio final session of y'' 

will be held and the meeting will be adjourned at noon on that date unlc>> a 
program necessitates holding an afternoon session. , • i c r.i,>iv ui 

Arrangements have been made for the meeting of the Kntoino ogica > . 

.\merica to be held on Tuesday and Wednesday, December 26 and 2,.^ la 
address will be on Wednesday evening, .b notice wjU be sent 
further details concerning the meeting and all are urged to make early ' _ 

tions in order that there may be no difficulty in securing satisfacton . 

tions for the members. . ..+iv that thf 

Members desiring to present papers should forward the titles pronn . 
program can be made up and printed in the next issue of the Fuirnai. • 1 ^ 
for membership blanks can be secured from the secretary or from Eio . ’ 

Durham, X. H., chairman of the membership committee. - • ■ 
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Current Notes 

Conducted by the Associate Editor 

\iK'\v building, being erected at the citrus substation, Riv(T.si(le, A\iU (‘nuiaie 
a lecture room and laboratories for entomology. 

prof. T. D. A. Cockerell visited the National Museum for a few days during Atigiist 
to examine the bees of the Pergande collection, 

pr. U 0, Howard has been njade ehainnau, and Dr. ’W'. D. Hunter a memher uf 
fliesuhcommittee of entomology of the National Committee for the study of malaria. 

Mr. A. H. Ritchie, until recently entomologist in the Department of .Vgriculture in 
faiiiaica, is now engaged in entomological work for the sugar ])lanter.s’ association of 
Jamaica. 


Ml’ C. II. Hadley, Jr., investigator in entomology in Cornell Cniversily, lias 
recently been appointed extension entomologist at Pennsylvania State College, State 
College, Pa. 

\ccordingto the Review of Applied Entomology, Professor H. Maxwtdl Lefroy was 
1 special duty in Mesopotamia during July and August, in connection with fly 
ivcsligations, 

Messrs. A. J. Grove and L. Harrison have been appointed by the Priti.sh War 
m-e io advise on entomological problems in connex-tioii ^^dth the military operations 
n iicsopotamia. 

At a conference regai'ding the while pine-currant blister rust at Crawlont \oteh. 
Sew Ilampsliire. September 7, Dr. L. 0. Howard, Mr. A. F. Riirgeas and Frof. AV. C. 
;TK;mc were present. 

Trof. J. G. Sanders hai 5 recently resigned as state entomologist of Wi.s(^ 0 ]isin to 
iKccpt the appointment as economic zoologist of Pennsylvania. Hi.'^ woik at arii& 
krg began September 16- 


Dr. James W. Chapman, formerly of the Bussey Institution of Harvard I'm versity, 
i.snow at Siliman Institute, Dinnagucte, Philippine Islands, where he will .^e eng.ig 
in teaching and other entomological work. 


Mr. Patricio Cardin, entomologist of the Estac.ou Expcrimemal 
tecmtly l«n appointed by tlie president one of the three mem).ers of the toram.srou 
licSarndacl Vegetal recently established in Cuba, 

Prof, H. A. Ballou, entomologist on the staff of the 
%iculture, visited Washington on July 21, en route to gvp 
?aged hir a year in the study of Gelechin go^aypi^ll^' 

Di'. William Morton Wlieelcr of the Bussey ^ 

‘"gton during August looking over the ants of the Pergande co e . 

'lonated to the National Museum by Miss Pergande. 

According to the Review of Applied Eniomology, office ami 

^'^vek^.n lent by the British Imperial Bureau of Entomology to tin 
is now attached to the Expedit ionary P orce in East . ru ^ . 
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Dr. S. B, Fr acker has been appointed acting state entomologist of Wiscon- • t,y ^ 
commissioner of agriculture, and will have charge of the work of the state cii- lurjfj 
gist’s office until a successor to Professor Sanders b appointed. 

Mr. C. B. Williams, formerly a Carnegie entomological student sent to ihir i inifd 
States from Great Britain, has accepted an appointment from the Board .n \ 2 ,]- 
culture, Trinidad, to study the parasites of the sugar-cane froghopper there. 

According to Science, it has been plamicd to erect on the campus of his ahna iMiUi r 
the University of Yirgmia, a memorial to the late Maj. Walter Reed of the Utiiti il 
States iWmy, who demonstrated the transmission of yellow fever by mosquitoes, 

According to the Renew of Applied Entomology, second lieutenant R. A. F 
Emjnson, King’s Royal Rifle Corps, who recently made important inve.stigation.sou 
the bionomics of Glossina mom/am in Northern Rhodesia, has been killed In action. 

Prof. Charles T. Brues, Bussey Institution, Forest Hills, Mass., has Ijeen engaged 
temporarily as entomologist to the Health Department of New A'ork City, to studv 
the insects possibly responsible for the transmission of infantile paralysis in the recent 
outbreak in New' York City. 

Mr. W. F. Fiske arrived in Washington on August iO. He expects to .spend ahiiut 
two months in the country and then return to England. The Imperial Bureau of 
Entomology contemplates resuming the work on. the bionomics of tsetse fibs in 
Africa immediately after the war. 

An error regarding the appointments of Prof. David D. W'hitney and Homer B. 
Latimer occurs on page 446 of the August issue of this Journal, it should read 
that they have been appointed professor and assistant professor, respectively, of 
zoology in the University of Nebraska. 

Dr. M. C. Tanquary, assistant professor of Entomology, Kansas State Agricultural 
College, w'ho was granted a leave of absence in 1913 to accompany the Crocker Laml 
Expedition, ha-s returned to the Kansas Agricultural College and will eontinue hi? 
w'ork in the college and experiment station. 

At the Agricultural Experiment Station, New Haven, Conn,, an outdoor inscctavy 
10' X 16', covered wdth ware netting and provided wdth a temporary roof of canvss 
which can be rolled up, was constructed, early in the summer, for work with the pine 
saw’fly, Diprion .kindle Hartig, and other insects. 

The follow'ing entomological workers have recently left the employ of (lie Bure;uJ 
of Entomology: William B. Middleton, resigned to study entomology at Corad! 
Uuivtu'sity; Ray B. Ellis and C. Joseph Manter, Hayward, Cal, appoint ii icnts c.v- 
pired; diaries E. Smith, Baton Rouge, La., resigned. 

Dr. L. 0. Howard, chief of the Bureau of Entomology, and Prof. D, E Marun, 
chief of the Weather Bureau, have been appointed by the Secretary of Agriculture te 
represent the I’^nited States Department of Agriculture on the Council of Rc.sc'ud) 
w'hich is now being organized by the National .\cademy of Sciences. 

Additional Edibility Tests of Insect Larvse: In the Bureau ol Entoinulogu 
V. A. Roberts cooked some larvai of the squash borer, MeMllia mtyrmform!^ ilu » • 
this dish was sampled by Dr. Howard, and Messrs. Roberts, OTjcary, 

Jacobs and White, all pronouncing it good. Mr. E, H. Gibaoii has made ■ 

of the larva* of Plaikypeno scahra. 
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„„o holds of Hileret & Company, Ltd., the largest sugar fa ‘ton- ii,' 

This (irm maintains a private experiment station. Mr Roseiif 'i l ■ 

Ana. Frovincia de Tuciimdn, Republica Argentina. ' "" ' is S;irit:i 

Recent appointments in the Maryland State Collerrp i 
M Experiment Station include Mr. C. .1. Pict^tlt;^;, 7;;"'' ’'f 
Entomology and Zoology in the college, who will devote his time to 
0. 1. snapp. Fellow m insect investigations in the 
Ganiian, assistant entomologist in the station, and K. W. Bahoook 1 ^ 
in entomology. ' 

Mr. Ignaz Matausch, a member of the New York Entomological ,dociotv an, I an 
artist and modeler on the .staff of the American Museum of Natural lli,sU,n- ie 
Dewinte 14, 1915 at the “Kt of 47. Mr. Matausch constructed m.anv of tlie’hirg'e 
inodcLs of insects exhibited m the Hall of Public Health in the inns,.,.,,, ■ i,,- also ivorke, 
out the hfc histones of several species of Membracidu: and publishcl eigh, paiiers o„ 
ihis family in the Jovmal of the Xew York Enlomoloriimi Socielij. 

In the Bureau of Entomology the following transfers have been made as regards 
locations: R. S. Woglum, Pasadena to Alhambra, Cal; F. L. McDonough Quilicv 
Fla., to Clarksville, Tcnn.; W. H. Larrinier, Missoula, Mont., (o Charlcsioi, Mo ■ 
.1. B, f:.ahan, College Park, Md., to Berwyn, Md.; R. J. Kewlev, College Park’ Md ’ 
to Columbia, S. C.; W. II. Willis, Boston, Mass., to Xewark.'x. ,1.; D. G Tower’ 
Xcrark, N. J., and H. L. Sanford, to Brooklyn, X. Y,; ,1. L.’wcbh’to stuilv lioriw 
flies in Nevada, and other western states. 


Recent appointments to the Bureau of .Entomology are as follows: G. M. .Ander* 
son and A. J. Flebiit, assigned to tlie klwratory at Tallulah, La.; V. G. Stevens, 
IrUlruit Creek, Cal.; Dr. P. A. Bonctiuet, Southern California, and Prof.H. F. Wilson' 
Madison. Wis., collaboratDrs; Scott C. Lyon, Oakley M, Shelby. A. 1). Bosley, Samuei 
F. Grubs, Carl A. Wiekland, D. M. Rogers, Joe Milam, Kenneth B. McKinney, F. G. 
•'^firrells, Richard K. Catlett, Walter C. Xagle, Louis A. Stearns, L. S. Hale and Ed- 
inimd H, \ance, temporary field agents in tobacco insect investigations. 


A leecnt visitor at the Drummond L;ihoratory of the Bureau of Entoniologv \va.s 
Mr, 0. Hanslope Bocock, a.ssignal by the Briti.sh Board of Agriculture to study dis- 
eases of adult bees in tlie ITiited States. The so-called Isle-of-Wight ” di.s('Hs<>, oi- 
Mierosporidiosis, is reported to have caused extensive losses in Great Britain, anfl 
the object of this investigation is to learn something of the diseases of adult l>ee.s in 
America and throw some light on the conditions oliserved abroad, Mr. Bocock 
Tent a month recently with Dr. Burton X, Gates, Massachusetts Agricultural Col- 
ege, Amher.st, and will visit other parts of the United States. 


A (‘oiif(‘rence was held at the office of the health euniinissioner of Xew ^ ork City. 
August 10, at 2 okloek p. m., to plan an entomological survey with particular refer- 
<n(,c to the fly problem as a possible means of transmission of infantile paralysis 
oliomyclitis) in New' York City and vicinity. Those attending the conference were 
follows- I)r. flaven Emerson, Health Commi.ssioner, Xew A'ork; Dr. Y . II. Frost 
I)i, h'fH'man of the T'liited States Public Health Service; Dr. M. B. Mitzinain, 
‘‘‘itomologist of the United States Public Health Service; Dr, E, F. Felt, state crito- 
‘^^ugist, .\lliany, N. Y.; Dr. T. .L Headier, state entomologist, and C. H. Riehanl- 
assistant, Xew Brunswick, X. J,; Prof. Charles T. Bnies. Bu.ss( 0 ' insfituiion. 

Hills, Mass,; Dr. W. E. Britton, state entomologist, Xew Haven, Conn, 
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TJkj appropriatioD bill for 1917, which took effect on August 11, carries a Uitnl f,,j. 
the Bureau of Entomology of $868,880, an increase of $38,980 over the ainouur 
appropriated for the fiscal year 1916. The increase is distributed over a number nf 
lines of work, among them the grape berry-moth, insects transmitting di^-casos ij( 
cucumbers, tobacco insects, clover insects in the Northwest, extension work in api- 
culture, and live stock pests in the West. Thirty-four clerical and- subcleru posi- 
lions throughout the Bureau are placed on the statutory roll, and provision is made 
for the payment for medical supplies and service for the immediate relief of foremen, 
scouts, laborers and other employees injured while engaged in hazardous work in the 
prevention of the spread of moths. 'PhLs provision is similar to one applying to the 
Forest Service which has been in operation for several years. 

The Governor of Minnesota has allowed an emergency appropriation for (he use 
of the State Entomologist for fighting White Pine Blister Rust in Mimiesota, with 
the implied promise that more money will be available if necessary. 1 he work lias 
been pushed vigorously during the summer. Only two localities have been found in 
w'hich the rust exists, and most vigorous methods of eradication are being pushed 
at these places. Nurseries of the state have been combed for other evidences of the 
disease, but it is believed that the two localities mentioned are the only places involved 
at the present time. 

The Plant Pathology Division of the Minnesota Experiment Station is cooperating 
in an advisory capacity in this work, as well as the Bureau of Plant Industry, wdiich 
is also aiding the work financially. Federal Inspector Pierce has made several trips 
to the state and taken part in various conferences. The Entomologist has had four 
to eight men in the field most of the time. One infection has been traced as coming 
directly from Wisconsin, which state received diseased trees from German} . 1 he 

source of infestation in the second locality where the disease was found, is believed to 
have been an European nurserv^ iiYhose lo<'aliiY is not yet known. 


Cylas Formicarius Fabr. in Flight. While riding on a street car at night between 
Rio Piedras and San Juan, P. R., I was interested by noticing several beeacs that 
were flying around inside the car, evidently attracted by the light. On catching one 
of them I was surprised to find that it was a specimen of the sweet potato wocaU 
Cylaa formicarius Fabr., which was supposed to have little or no power of flight. 
place w^here this specimen was taken was at least a good half mile Ironi t 
patch of sweet potatoes, so in Porto Rico, at least, this beetle lias J- 

powers of flight and doubtless spreads itself in this way. This species ias a - o 
observed to fly into houses at night to the light in Rio Piedras. 

RICHAKD 1. tOTTON, 

Asoislant Entomologisf, lUo Piedras, P 
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